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Opening  Address  by  the  President.  Henry  Cockburn,  Esq. 

[Delivered  28  November   1904.] 

1 0  have  been  elected  by  you  to  fill  the  highest  position  in  the 
Institute  is.  an  honour  of  which  any  one  of  us  may  indeed 
be  proud;  and  I  tender  you  my  sincere  acknowledgment  of 
the  very  great  compliment  which  has  been  paid  me,  and  which  I 
feel  might  well  have  fallen  to  the  lot  of  a  member  more  worthy 
of  it.  With  a  great  satisfaction  at  having,  by  your  courtesy, 
attained  so  honourable  a  place,  there  mingles  thought  of  the 
duties  and  responsibilities  which  it  must  entail ;  and  I  can  but 
say  that  it  will  be  my  endeavour,  with  your  friendly  support,  to 
uphold  the  status  and  usefulness  of  the  Institute,  from  association 
with  which,  during  many  years  past,  I  have  derived  great 
instruction  and  advantage. 

Since  the  last  Presidential  Address  was  delivered  before  you, 
the  extensive  mortality  investigation  undertaken  jointly  by  the 
Institute  and  the  Faculty  of  Actuaries  in  Scotland  has  been 
brought  to  a  conclusion,  and  the  results  of  the  enquiry  are  of  the 
greatest  professional  interest  to  us ;  and,  further,  looking  to  the 
vast  sums  to  which  the  accumulated  funds  of  our  British  Life 
Offices,ordinary  and  industrial,  now  amount  (some  £300,000,000), 
it  is  evident  that  the  bases  of  our  various  calculations  form  a 
matter  of  increasing  responsibility  for  our  profession,  and  of  very 
considerable  public  importance. 
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It  is  generally  agreed  that  to  the  passing  of  the  Life 
Assurance  Companies  Act,  1870,  in  connection  with  which 
eminent  actuaries  were  consulted,  and  to  the  diffusion  by  the 
Institute  of  sound  principles  and  information,  including 
especially  the  compilation  of  the  HM  Tables,  published  in  1872, 
may  very  largely  be  attributed  the  satisfactory  position  to-day  of 
our  life  offices  as  a  whole,  contrasting  favourably  with  earlier 
times,  when  no  official  returns  were  required,  and  no  restriction 
existed  upon  the  formation  and  continuance  of  weak  companies. 

Such  statistical  work  is  in  its  nature  recurrent  ;  and  after  the 
time  which  had  elapsed  since  the  compilation  of  the  HM  Table,  a 
generation  back,  it  was  right  to  test  afresh  the  basis  upon  which 
rests  so  great  a  superstructure.  If  the  general  results  of  the 
work  last  undertaken  do  not  indicate  the  need  for  any  marked 
changes  in  life  assurance  practice,  still  the  investigation  is  none 
the  less  valuable,  for  it  is,  of  course,  in  periodically  reviewing 
our  position  by  the  light  of  experience,  and  by  following  out 
fresh  lines  of  enquiry  which  may  suggest  themselves,  that  we 
make  certain  of  maintaining  a  status  and  practice  in  harmony 
with  the  facts  with  which  we  are  dealing. 

Our  interest  in  the  new  "British  Offices  "  Tables  will,  in  one 
respect  at  least,  be  shared  by  the  community  at  large,  who  are 
interested  to  know  whether  or  not  improvement  has  taken  place 
in  the  value  of  life,  according  to  assurance  office  experience. 
As  regards  male  lives,  we  find,  as  you  know,  that  on  the  whole, 
as  compared  with  the  older  HM  Table,  the  new  0M  Table  shows 
a  superior  vitality.  A  similar  result  is  seen  by  comparing  the 
old  and  new  Female  Experience  (HF  and  0F) ;  and,  whatever  be 
the  reason  or  reasons,  the  improvement  in  the  value  of  assured 
life  is,  on  the  whole,  greater  among  females  than  among  males — 
a  fact  noticeable  also  in  the  new  experience  of  Annuitant  life. 

After  paying  due  regard  to  the  methods  employed  in  collection 
and  tabulation,  and  to  the  skilful  graduation  of  the  unadjusted 
data,  our  professional  interest  centres  largely  round  the  very 
practical  question  of  Reserves;  and  it  is,  I  should  say,  satisfactory 
to  find  that  in  the  matter  of  Reserve  the  new  Table  closely 
corroborates  the  HM,  so  that  our  finances  suffer  no  disturbance, 
and  no  difficulty  arises  in  passing  from  the  older  to  the  newer 
basis,  as  some  offices  have  already  done,  although  in  doing  so  the 
Reserve  may  in  some  cases  be  fractionally  greater. 

Then  we  have  some  useful  results  arising  from  the  separate 
investigation    of  the    rate    of   mortality    in    different    classes  of 
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assurance,  a  matter  not  much  thought  about,  or  at  all  events  little 
investigated,  since  Mr.  Meikle,  in  1869,  exhibited  the  separate 
rates  of  mortality  among  lives  assured  in  Scottish  Offices  by  policies 
participating  and  non-participating.  In  the  preparation  of  the 
IP1  Table  little  analysis  was  undertaken.  Distinction  was  made 
between  healthy  and  under-average,  and  between  male  and 
female  lives  ;  but  in  the  new  tables  a  wider  range  of  enquiry  has 
been  entered  upon  ;  and  while  healthy  lives  only  have  been 
brought  into  account,  we  are  able  in  a  degree  not  before  possible 
to  observe  the  selection  which  persons  seeking  insurance  exercise 
in  their  choice  of  table  or  class  of  policy,  notably  under  whole-life 
Policies,  participating  and  non-participating  respectively,  and, 
after  the  question  of  Reserves,  this  is  perhaps  one  of  the  most 
interesting  results  of  the  recent  investigation. 

We  have  here  two  forms  of  selection  at  work,  that  exercised 
by  the  Office  in  its  acceptance  of  risks,  and  the  selection  exercised 
by  the  proposer  in  his  choice  of  table.  This  last  selection  is  not 
to  be  deprecated  or  combated,  for  our  aim  is  to  encourage 
providence  in  every  phase;  but  life  policies  are  not  all  effected 
for  provident  purposes,  and  we  can  now  look  to  the  construction, 
and  watch  the  working,  of  our  various  office  tables,  in  view  of 
better  knowledge  as  to  the  mortality  likely  to  be  experienced  in 
the  several  classes  of  policy.  The  selection  exercised  by  the 
proposer  is  a  force  likely,  I  should  say,  to  increase  rather  than 
diminish,  as  a  choice  of  tables  wider  than  formerly  continues  to 
be  offered  by  competing  offices,  and  as  the  public  possibly  become, 
in  insurance  matters,  still  more  discriminating  or,  at  all  events, 
more  prone  to  adopt  variants  of  the  ordinary  policy  which  may 
in  form  suit  individual  tastes  or  requirements,  although  these 
variants  cannot,  in  essence,  offer  greater  ultimate  benefit. 

The  new  tables  exhibit  also  a  continued  improvement  in 
the  value  of  annuitant  life,  especially  (as  before  mentioned) 
among  females,  which  must  be  attributed  in  some  degree  to 
the  " self-selection"  exercised  by  the  purchasers.  The  margin 
for  profit  on  this  business  is  at  best  very  narrow,  and  it  is 
conceivable  that  through  a  further  fall  in  interest,  or  the 
action  of  competition,  that  margin  might  disappear  entirely. 
The  mortality  experience  among  Government  Annuitants,  upon 
which  Life  Offices  have  of  late  years  relied  in  their  annuity 
business,  related,  as  you  know,  to  the  period  1808-1875,  and, 
looking  to  the  continued  improvement  in  mortality  as  shown 
by    the    latest    investigation,    it    would   certainly  be   of   interest 
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and  value  to  have  the  more  recent  mortality  experience  of 
the  Government  Annuitants  made  available  to  us.  Since  the 
publication  of  the  British  Offices  Annuity  Tables,  some  offices 
have  reconsidered  their  terms.  Government,  however,  is  a 
powerful  competitor  in  the  business.  We  should  be  glad  of 
the  additional  light  which  the  suggested  enquiry  would  afford. 

As  regards  the  larger  question  of  a  general  improvement  in 
the  value  of  human  life  in  this  country,  and  apart  from  the 
experience  in  any  special  class,  there  is  no  doubt  that  advances 
in  matters  relating  to  sanitary  science,  the  care  of  disease,  more 
healthful  ways  of  living,  have  diminished  at  most  ages  the 
chances  of  death,  and,  indeed,  the  remark  is  not  unusual  that 
"  people  live  longer  than  formerly."  This  improvement  in 
vitality  takes  the  form  of,  at  each  age,  a  greater  average  number 
of  years  lived  by  those  born  into  the  world,  constituting,  in 
actuarial  parlance,  a  greater  "  expectation  of  life."  A  larger 
number  than  formerly  reach  adult  age  and  usefulness,  though 
without  materially  increasing  the  small  proportion  who  will  as 
heretofore  attain  to  the  highest  ages ;  and  one  distinguishes 
between  this  position  and  longevity  in  its  usual  meaning — the 
prolongation  of  life  to  advanced  age.  In  that  matter  it  is 
difficult  to  say  or  to  determine  that  among  the  population  as  a 
whole  there  is  any  appreciable  increase.  Yet,  in  the  main,  life  is 
being  rendered  more  valuable,  and,  we  may  hope,  more  agreeable. 

In  the  collection  and  arrangement  of  the  experience  of  British 
assured  and  annuitant  life,  the  Institute,  in  its  corporate  capacity, 
has,  for  the  present,  fulfilled  its  part.  Yet  the  eight  volumes 
relating  to  the  new  British  Offices  experience  tables  constitute, 
as  a  whole,  a  repository  of  information  which  it  may  take  some 
time  to  explore  thoroughly,  and  from  which  the  brains  and 
energy  of  individual  members  may  yet  discover  to  us  much  of 
interest,  particularly  with  reference  to  the  power  of  selection, 
of  one  kind  or  another — a  matter  touching,  singly  and  in 
combination,  the  questions  of  rates  of  premium,  reserve,  and 
division  of  surplus. 

One  volume  of  tables,  based  on  Select  experience,  has  just 
been  published  by  individual  enterprise;  and  we  may  hope  that 
others,  based  on  the  0M  experience  and  adapted  for  use  in 
every-day  actuarial  work,  will  also  make  their  appearance. 

The  business  of  life  assurance,  which  is  our  principal  care, 
will  doubtless  continue  to  present  fresh  features  and  questions 
calling    for   the    employment    of    business    foresight,    statistical 
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method,  and  mathematical  skill.  For  one  thing,  the  question 
of  investment  becomes  more  absorbing.  The  vast  and  increasing 
funds  of  our  Life  Offices  are  now  further  augmented  by  the 
larger  investment  element  in  the  policies  effected.  It  is  worthy 
of  notice  that  the  endowment  assurance  contracts  in  force  in 
"ordinary"  companies  now  outnumber  the  whole-life  ones, 
although  the  sums  assured  by  the  latter  are  still  considerably 
the  greater.  The  rate  of  interest  has  fallen, — although  the  fall 
seems,  for  the  time  being,  arrested ;  the  total  funds  are  held  by 
fewer  offices ;  and  altogether,  as  compared  with  the  circumstances 
a  generation  back,  the  question  of  investment  demands  wider 
views  and  consideration  from  those  responsible,  especially  if  the 
profit  from  interest,  at  anything  like  former  rates,  is  to  be 
maintained.  One  might  allow  this  profit  to,  so  to  speak,  take 
care  of  itself,  and  regard  solely  the  paramount  matter  of  the 
safety  of  the  capital ;  but  it  is  likely  that  rather  broader  views 
will  prevail,  and  that  investments  will  be  selected  in  a  larger  field. 
In  the  past  thirty  years  the  funds  of  British  Life  Offices  have 
trebled  in  amount,  and  this  increase  has  been  accompanied  by 
changes  in  the  classes  of  securities  most  resorted  to.  Thirty 
years  ago,  for  instance,  between  45  and  50  per-cent  of  the  Funds 
of  British  Offices  were  invested  upon  Mortgages  of  property. 
Not  more  than  25  per-cent  or  so  is  now  so  placed  ;  and  relatively 
less,  also,  is  invested  in  British  Government  and  similar  "  gilt- 
edged  "  securities,  which  do  not  now  yield  a  sufficient  rate  of 
interest,  nor  have  they  proved  free  from  disturbing  fluctuations  in 
capital  value  to  which  all  Stock  Exchange  securities  have  in  late 
years  been  subject.  Mortgage  securities  of  the  kinds  most 
favoured  a  generation  ago  have  not,  I  take  it,  increased  in  the 
same  ratio  as  have  the  Funds  for  investment.  Trust  and  other 
monies  for  which  these  securities  are  in  demand  have  accumulated 
with  the  prosperity  of  the  country,  while  the  value  of  land,  houses, 
and  such  like,  has  not  increased  in  the  same  proportion ;  and 
now-a-days  debentures  and  debenture  stocks,  shares  and  stocks, 
ground-rents,  Indian  and  Colonial  Government  securities,  foreign 
Government  securities,  figure  to  a  greater  extent  than  formerly  in 
the  balance  sheets  of  our  Life  Offices.  A  marked  widening  has 
taken  place  in  the  range  of  their  investments.  We  cannot  forecast 
the  course  of  events  in  the  political  and  finaucial  world,  upon 
which  depends  to  a  great  extent  the  rate  of  interest  obtainable. 
I  hesitate  to  offer  an  opinion  upon  so  large  and  difficult  a  question 
as  the  future  rate  of  interest,  but  I  should  say,  from  words  and 
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writings  of  my  professional  brethren,  and  from  the  gradual 
reduction  in  valuation  rates  of  interest,  the  view  most  generally 
held  among  us  is  that  we  should  be  prepared,  as  time  goes  on, 
for  some  further,  if  gradual,  diminution,  continuing  the 
desirability  of  opening  up  fresh  channels  of  investment.  One 
quarter  per-cent  in  the  valuation  rate  of  interest  may  be  a  much 
more  important  question  than  the  particular  table  of  mortality  to 
be  used.  However  capable  and  resourceful  the  Boards  of 
Directors,  it  is  of  high  importance  that  the  principal  officers  of  the 
companies  should  also  possess  sound  and  definite  ideas  in  regard 
to  the  varied  category  of  investments  offering  or  to  be  sought  for ; 
and  if,  as  is  possible,  new  fields  or  forms  of  investment  have  to  be 
considered,  in  the  endeavour  to  maintain  our  rate  of  interest,  a 
faculty  for  cautious  adaptation  to  new  circumstances  must  continue 
to  be  aimed  at  by  us.  Whether  the  chief  officer  of  a  Life  Office 
be  the  actuary,  or  the  manager,  or  fills  the  combined  office, — in 
favour  of  which  last  arrangement  sound  reasons  can  in  my  opinion 
be  adduced, — the  question  of  investment  is  to  him  of  great 
responsibility,  the  ultimate  judgment  of  his  directors  frequently 
depending  upon  his  own  examination  of  the  securities  under 
consideration. 

Another  fact  of  modern  assurance  practice  is,  I  should  say, 
an  increased  confidence  in  the  acceptance  of  lives.  Cases  which 
in  past  years  might,  on  account  of  family  history,  or  personal 
history  or  condition,  have  been  declined  or  heavily  surcharged 
are  now  admitted  to  somewhat  more  favourable  treatment. 
Various  disabilities  are  better  understood  by  the  medical 
profession ;  and  also  there  is,  I  think,  more  co-operation 
between  the  physician  and  the  actuary,  furnishing  the  key-note, 
in  my  view,  to  the  best  assessment  of  risks,  so  long  as  their 
respective  functions  are  kept  from  overlapping.  But  we  still  lack 
material  for  guidance  in  determining  what  constitutes,  and  how  to 
deal  with,  under-average  lives,  a  class  which  was  not  brought  under 
review  in  the  recent  mortality  investigation;  and  although  I  do  not 
forget  the  work  of  one  or  two  of  our  members  in  the  matter,  a 
wide  field  of  enquiry  is  still  open  in  this  connection.  Possibly 
some  system  might  be  devised,  not  too  elaborate,  to  extract  and 
tabulate  the  experience  of  offices  in  the  more  typical  cases  in 
which  it  is  customary,  or  would  be  proper,  to  require  additional 
premium. 

In  all  work  there  is  a  tendency  as  time  goes  on  to  specialize, 
and  with  actuaries  to  fix  our  attention,  perhaps,  on  Life  Assurance. 
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The  problems  connected  with  the  various  descriptions  of  provident 
institutions  are  already  recognized  as  our  own  ;  but  beyond  these 
lie  numerous  questions  bearing  also  on  the  social  well-being  of 
the  people, — questions  to  be  solved  through  statistical  enquiry. 
The  Institute, — I  quote  from  our  charter, — has  among  its  objects  : 
"  The  extension  and  improvement  of  the  data  and  methods  of  the 
"  science  which  has  its  origin  in  the  application  of  the  doctrine 
"  of  probabilities  to  the  affairs  of  life  "  ;  and  as  the  determination 
and  application  of  probability  must,  as  a  rule,  rest  upon  statistical 
investigation,  the  functions  of  the  actuary  may  range  throughout 
the  whole  field  of  general  statistics. 

Statistical  work — in  which  I  include  both  the  collection  and 
tabulation  of  facts  and  the  science  of  correctly  reasoning  from 
them — has  a  two-fold  value,  for  it  inculcates  the  need  of  a  clear 
conception  of  the  subject  for  investigation,  of  due  discernment  in 
the  selection  of  factors,  of  accuracy  in  compilation,  of  discrimination 
to  secure  a  true  deduction,  and,  at  the  same  time,  it  provides  us 
with  working  material.  In  statistical  research  there  is,  we  know, 
room  for  greater  care  and  study  than  might  at  first  be  thought 
necessary.  In  our  own  special  course  of  study  the  acquisition  of 
statistical  method,  embracing  the  more  modern  systems  of 
procedure,  has  its  place.  The  attention  of  our  younger  members 
is  mainly  directed,  no  doubt,  to  enquiries  connected  with  the 
business  of  life  assurance,  sickness,  and  such  like.  It  is  suitable, 
however,  that  actuaries  who  have  engaged  in  intricate  questions 
in  these  branches  of  research  should  extend  their  powers  to 
enquiries  in  a  wider  sphere,  and  I  look  upon  statistical  method 
as  an  important  feature  in  our  educational  programme. 

Statistics  of  population,  of  marriage  and  birth,  are  no  new 
fields  of  work.  One  matter,  for  instance,  may  at  present  claim 
attention  :  the  fact  of  a  general  decline  in  the  birth-rate.  Are 
men  and  women  less  able  or  less  willing  to  incur  the  responsi- 
bilities of  marriage,  and  if  so,  for  what  reasons  ?  Replenishment 
of  the  race  vies  in  importance  with  improvement  in  vitality. 
Then  statistics  of  occupation,  migration,  health,  sickness,  invalidity: 
these  all  furnish  matter  in  which  the  Actuary  may  especially 
work,  and  in  which,  also,  he  may  collaborate  with  the  statesman, 
the  physician,  the  political  economist,  the  social  reformer.  Beyond 
these  subjects  lies  a  whole  region  of  general  statistics,  commercial, 
financial,  political,  which  appear  to  produce  an  ever-growing  mass 
of  statistical  literature.  In  connection  with  certain  enquiries, 
such  as  the  Fiscal    question    now  under  public   discussion,  the 
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importance  of  some  training  in  statistical  method  and  in  the  use 
of  arithmetical  illustrations  has  sometimes  seemed  to  assert  itself, 
arguments  having  been  put  forward  on  one  side  or  the  other 
seemingly  deficient  in  cautious  preparation. 

I  do  not  presume  to  suggest  that  so  many-sided  a  matter 
might  be  referred  for  examination  to  a  committee  of  actuaries, — 
though  such  an  arrangement  might  help  to  elucidate,  away  from 
the  arena  of  politics,  questions  which  are  of  public  interest  and 
not  necessarily  of  a  political  aspect.  There  can,  however,  be  no 
doubt  that  actuarial  training  is  of  advantage  in  relation  to 
enquiries  of  all  kinds  depending  for  their  value  upon  statistical 
investigation.  Highly  as  we  all  prize  the  purely  theoretical  side 
of  the  Institute's  work,  it  does  not  seem  to  me  desirable  that  the 
Institute  should  ever  seek  to  dissociate  that  from  the  practical 
side  of  affairs.  On  the  contrary,  our  strength  will  be  best  utilized 
if  directed,  so  far  as  our  constitution  permits,  into  channels  where 
theory  and  practice  intermingle.  The  cause  of  life  assurance, 
our  principal  concern,  is  surely  deserving  of  all  the  fostering  care 
which  we  can  bestow  upon  it  as  a  whole.  And  if  any  widening 
in  our  sphere  of  work  is  to  take  effect,  it  must  be  largely  in  effort 
of  a  practical  kind.  I  therefore  think  that  the  Institute  does  well 
when  it  concerns  itself  with  general  questions  affecting  the 
business  or  interests  which  its  members  control ;  and  that  to  this 
end  we  should  be  ready  as  occasion  arises  to  join  with  other  bodies 
or  persons  if  by  so  doing,  and  while  always  maintaining  the 
independence  of  the  Institute,  we  help  forward  some  result  which 
we  all  desire. 

Mr.  Higham,  four  years  ago,  gave  us  his  views  on,  at  all 
events,  one  important  phase  of  this  question.  My  immediate 
predecessor,  Mr.  Hughes,  urged  that  the  Institute  shall  be  a 
complete  school  of  insurance,  and  that  while  the  discussion  of 
mathematical  theory  must  necessarily  form  a  large  part  of  our 
proceedings,  the  discussion  of  practical  subjects,  though  in  a 
scientific  spirit,  claims  its  proper  share  of  consideration. 

These  views  I  fully  endorse.  There  is  of  course  a  well-defined 
limit  beyond  which  our  discussion  or  cognizance  of  practical 
affairs  could  not  in  any  case  extend;  but  within  that  limit  it  should 
be  our  object  to  secure  as  far  as  possible  that  sound  and  successful 
practice  should  flow  from  our  work  in  the  realms  of  theory. 

The  further  opening-up  of  statistical  work  for  our  profession 
has  been  dwelt  upon  by  former  Presidents  of  the  Institute. 
Mr.  Samuel  Brown,  indeed,  instituted  the  prize  which  bears  his 
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name  "  for  the  purpose  of  engaging  the  attention  and  abilities  of 
"  the  members  in  discussing  some  new  questions  to  which  the 
"  doctrine  of  probabilities  may  be  applied  beyond  that  of  the 
"  mere  practice  of  insurance,  in  which  we  are  more  especially 
"engaged", — and  he  exemplified  various  directions  in  which 
they  may  proceed.      {J. I. A.,  xv,  459.) 

Problems  relating  to  health  and  sickness  have  special  claim 
upon  us.  Thrift  and  health,  indeed,  are  closely  connected. 
Papers  which  have  appeared  in  our  Journal  on  vaccination ;  the 
increase  or  otherwise  of  cancer ;  total  abstinence  and  life 
assurance ;  are,  let  us  hope,  forerunners  of  other  investigations 
connected  wTith  the  health  of  the  people.  We  are  concerned 
with  provident  institutions  not  merely  that  they  should  be 
established  and  conducted  on  sound  principles,  but  also,  as  good 
citizens,  because  the  practice  of  thrift  is  an  important  factor  in 
combating  poverty,  disease,  and  crime  which  result  from  its 
non-observance.  The  amelioration  or  abatement  of  these  afford 
scope  for  continued  research.  Sickness  assurance,  long  practised 
among  the  wage-earning  population,  shows  sign  of  spreading  in 
some  degree  to  the  professional  classes,  whose  incomes,  however, 
afford  more  margin  for  contingencies,  and  to  whom  the  provision 
of  a  sum  at  death  is  in  most  cases  the  greater  necessity.  Still, 
this  provision  depends  on  ability  to  continue  payment  of  premiums. 
Whether  a  modern  practice  of  effecting  policies  against  specified 
diseases,  or  against  all  diseases  except  certain  specified  ones,  is  an 
economical  arrangement  for  the  public  is  open  to  question. 
There  are  companies,  no  doubt,  which  grant  sickness  assurance 
of  more  general  scope.  Assurance  restricted  as  to  range,  or  time, 
is  of  but  moderate  advantage.  We  know,  however,  as  a  crucial 
fact  in  sickness  assurance,  that  special  precautions  of  one  kind 
and  another  (not  always  easy  of  application)  are  necessary  to  secure 
the  society  from  ill-founded  claims.  As  regards  the  professional 
and  mercantile  classes,  sickness  statistics  are  still  scanty. 
Difficult,  for  these  reasons,  as  the  task  may  be,  it  will  be  to  the 
credit  of  the  profession  if  this  protective  insurance  could  be 
extended,  on  a  scientific  basis,  with  proper  safeguards  in 
management,  and  at  the  same  time  in  a  contract  running  not 
merely  for  one  year,  or  for  a  few  years,  but  during  the  whole 
working  period  of  life. 

Various  statistical  enquiries  falling  within  our  province  are 
followed  by  means  of  Census  Returns.  The  desirability  of  a 
more  frequent  Census-taking  is  a  matter  which  has  engaged  the 
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attention  of  the  Council  for  some  time  past;  and  "  The  Case  for 
Census  Reform"  was  presented  by  Mr.  G.  H.  Ryan  in  an  able 
and  instructive  paper  read  before  the  Institute  in  1901.  It  is  to 
be  hoped,  therefore,  that  the  sympathetic  attitude  of  the  President 
of  the  Local  Government  Board  towards  an  important  deputation 
which  waited  upon  him  in  May  last  to  urge  the  desirability  of  a 
Quinquennial  Census  may  bear  fruit.  The  desirability  of  this, 
and  of  the  institution  of  a  permanent  Census  department,  tending 
to  greater  method  in  enumeration  and  in  deduction  of  results, 
have  now  been  fully  demonstrated.  The  Institute  was  represented, 
very  ably,  on  the  deputation  in  question,  and  I  think  that  no  one 
reading  Mr.  Ryan's  paper  or  the  evidence  given  on  the  occasion 
referred  to  can  fail  to  recognize  how  closely  statistical  enquiry  on 
sound  methods  is  bound  up  with  our  social  condition,  and  in  how 
many  directions,  as  principal  or  as  collaborator,  the  actuary  may 
take  part  in  questions  affecting  the  health  and  wealth  of  the 
country.  I  notice  that  at  the  last  Actuarial  Congress,  Mr.  North, 
Director  of  the  United  States  Census  Bureau  (which  is  now  a 
permanent  Department),  expressed  a  desire  to  place  the  Depart- 
ment in  close  association  with  our  professional  brethren  in  that 
country.  If  we  in  Great  Britain  should  be  called  upon  in  a 
similar  manner  by  those  in  authority,  we  shall  not  fail  to  respond 
to  the  call. 

In  the  early  part  of  this  year  a  movement  of  some  interest 
in  relation  to  our  professional  status  was  initiated  in  the 
introduction  of  a  Bill  in  Parliament,  styled  the  Chartered 
Societies  Bill,  designed  to  afford  protection  to  the  members  of 
chartered  societies  in  the  use  of  the  designations  and  distinctive 
letters  determined  by  their  respective  constitutions. 

The  suggestion  of  such  legislation  is,  as  regards  the  Institute, 
no  new  one,  for  you  will  recollect  that  in  the  first  volume  of  the 
Journal  of  the  Institute  (or  the  Assurance  Magazine,  as  it  was 
then  called),  published  in  1855,  there  is  given  a  draft  "  Bill  for 
"  regulating  the  profession  and  practice  of  Actuaries  throughout 
"  Great  Britain  and  Ireland  ",  but  little  more  seems  to  have  been 
heard  of  it.  If  such  a  Bill  was  thought  desirable  when  the 
Institute  was  in  its  infancy,  its  subsequent  progress  and  expansion, 
recognized  in  the  grant  of  its  Royal  Charter  in  1884,  and  the 
extent  to  which  the  public  now  depend  upon  competent  actuarial 
guidance,  render  very  evident  the  reasonableness  of  the  movement. 

The  Council  of  the  Institute  joined  readily  with  the  other 
Chartered  Societies  in  promoting   the  Bill,  the  object  of  which, 
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to  quote  from  a  memorandum  prefixed  to  it,  was  "  to  provide  a 
"  simple  procedure  enabling  societies  and  institutes,  incorporated 
"  by  Royal  Charter  for  the  purpose  of  improving  the  status  and 
"  training  of  the  professions  which  they  represent,  to  protect  the 
"  public  and  their  members  against  frauds,  occasioned  by  their 
"  inability  at  law  to  restrain  unauthorized  persons  from  using  the 
"  professional  designations  and  distinctive  initials  which  they  are 
"  entitled  by  virtue  of  their  charters  to  use  and  which  are 
"  recognised  by  the  public  as  denoting  membership.  The  Bill 
"  does  not  seek  to  create  any  monopoly,  and  the  offence  which  it 
"  constitutes  is  carefully  limited  to  one  '  knowingly '  committed." 

A  deputation,  upon  which  the  Institute  was  represented, 
waited  upon  the  President  of  the  Board  of  Trade,  in  May  last, 
to  explain  the  objects  of  the  Bill,  and  were  informed  in  reply, 
that  although  the  Government  could  not  undertake  to  introduce 
legislation  on  the  subject  that  Session,  the  Chartered  Societies 
seemed  to  have  made  out  a  good  case  for  the  protection 
suggested.  The  Bill  did  not  reach  the  stage  for  discussion ;  but 
a  similar  Bill  may,  we  hope,  pass  ere  long  into  law,  affording  due 
protection  to  the  public  in  relation  to  the  vast  and  increasing 
interests  represented  by  our  provident  institutions  and  in  the 
other  spheres  of  our  work,  and  emphasizing  the  professional 
status  of  members  of  the  Institute  of  Actuaries  and  of  the 
Faculty  of  Actuaries  in  Scotland. 

May  we  hope,  further,  that  some  day  the  Life  Assurance 
Companies  Act,  1870,  with  other  Acts  requiring  the  certification 
of  the  official  returns  of  provident  institutions  may  be  amended  or 
passed  in  such  form  as  to  require,  inter  alia,  that  all  valuation 
statements  be  certified  by  a  Chartered  Actuary.  This,  again,  is 
no  new  suggestion,  for  at  the  time  when  the  Bill  to  amend  the 
law  relating  to  Life  Assurance  Companies  was  introduced  into  the 
House  of  Commons  in  1870,  notice  was  given  of  an  amendment 
to  enact  that  the  actuaries  responsible  for  the  periodical  investi- 
gation of  Life  Assurance  Societies  should  be  members  of  this 
Institute.  And  it  is  of  interest  further  to  note  that  notice  of  this 
amendment  was,  as  stated  by  the  Council  at  the  time,  entirely 
spontaneous  on  the  part  of  the  member  giving  it,  and  was  not 
due,  directly  or  indirectly,  to  any  member  of  the  Institute. 

The  question  of  the  Income  Tax  as  affecting  Life  Offices  is 
another  subject  which  has  specially  engaged  our  attention  during 
the  past  year,  and  we  have  recently  had  an  interesting  paper  upon 
it  from  Mr.  J.  E.  Faulks,  followed  by  a  useful  discussion.     We 
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were  in  hopes,  at  one  time,  that  a  Parliamentary  Committee  on 
Income  Tax,  appointed  last  Spring,  to  "  enquire  and  report 
"  whether  it  is  desirable  to  effect  any  alteration  in  the  system  of 
"  the  Income  Tax  as  at  present  prescribed  and  administered", 
under  certain  stated  heads,  might  permit  of  evidence  being  received 
by  the  Commissioners  on  the  question  of  the  taxation  of  Life 
Offices.  That,  however,  proved  to  be  outside  the  scope  of  the 
reference,  and  could  not  be  brought  forward. 

Evidence  was  accepted,  however,  on  behalf  of  the  Institute  in 
regard  to  terminable  annuities  and  securities  generally  of  a 
wasting  nature,  the  point  to  be  established  being,  of  course,  that 
annuities  and  terminable  charges  of  any  description  consist,  in 
their  nature,  of  the  two  things,  interest  on  capital,  and  provision 
for  its  replacement,  and  that  the  former  element  should  alone  be 
taxed.  I  am  afraid,  however,  that  the  Committee  regarded  this 
point  as,  in  relation  to  taxation,  somewhat  academic,  unless  in  the 
ordinary  case  of  terminable  charges  where  interest  and  capital 
are  set  out  separately  at  the  outset ;  and,  at  all  events,  they  did 
not  indicate  that  general  effect  could  at  present  be  given  to  it. 
The  point,  however,  has  been  carried  recently  in  the  case  of  the 
Great  Indian  Peninsula  Railway  Company  ;  and  as  there  are 
certainly  other  cases  in  which  taxation  of  the  whole  income 
constitutes  a  hardship,  we  will  hope  for  a  wider  application  in 
future  of  the  principle  contended  for. 

Last  year  witnessed  another  International  Congress  of 
Actuaries,  this  time  in  New  York,  and  those  who  were  present 
have  told  of  the  cordial  reception  accorded  to  its  members  by 
representatives  of  the  Government  of  the  United  States,  and  by 
our  actuarial  brethren  in  that  country,  who  extended  to  all  a 
warm  welcome,  and  a  profuse  and  graceful  hospitality.  As 
in  Brussels  and  in  Paris,  so  in  New  York,  the  Congress 
was  recognized  by  those  in  highest  authority  as  of  public 
importance  and  interest,  and  was  welcomed  accordingly.  Let  us 
hope  that  when  a  Congress  is  again  held  in  this  country,  similar 
official  encouragement  may  be  given  to  it.  The  Hon.  George  B. 
Cortelyou,  LL.D.,  Secretary  of  the  Department  of  Commerce  and 
Labour  in  the  United  States  Government,  accepted  the  position 
of  Honorary  President  of  the  Congress,  and  delivered  an  opening 
Address,  in  which,  after  words  of  greeting,  he  referred  to  the 
development  of  insurance,  and  to  the  rising-up  of  the  actuarial 
profession.     Mr.  Cortelyou  gave  expression,  moreover,  to  a  wide 
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and  liberal  conception  of  the  functions  of  the  actuary,  as  did 
also  Mr.  Israel  C.  Pierson,  President  of  the  Congress ;  and 
their  inspiring  words  will  find  ready  acceptance  by  those  who 
recognize  that  our  sphere  of  usefulness  is  capable  of  extension, 
however  gradual. 

The  invitation  of  the  Organizing  Committee  led  to  some 
seventy  papers  being  prepared  on,  as  may  be  imagined,  a 
considerable  number  of  subjects.  These  papers,  with  the 
discussion  upon  each,  we  shall  soon,  I  hope,  be  able  to  study 
in  the  volume  of  Transactions  now  in  preparation  ;  and  while 
certain  subjects  may  appeal  to  one  school  or  nationality  more 
than  to  another,  there  is  a  permanent  value  in  such  a  volume, 
and  there  can  be  little  doubt  that  its  perusal  will  suggest 
matter  for  fresh  enquiry,  inspire  new  effort,  and  promote 
co-operation.  In  the  six  days  devoted  to  a  Congress,  it  has 
been  difficult  to  adequately  consider  or  discuss  the  whole 
programme.  To  this  end  a  wider  knowledge  of  foreign  tongues 
would  greatly  contribute ;  and  even  if  this  is  not,  with  most  of 
us,  a  daily  need,  still  it  leads  doubtless  to  wider  sympathies  and 
better  understandings,  in  more  ways  than  one.  Possibly,  without 
limiting  the  scope  of  any  Congress,  some  alteration  of  arrange- 
ment may  be  devised  to  afford  more  time  for  discussion. 

Not  least  among  the  advantages  of  these  meetings  is  the 
opportunity  of  intercourse  and  friendship  with  our  professional 
brethren  from  all  parts  of  the  globe,  men  of  like  mind  and 
purpose  with  ourselves.  Our  brethren  across  the  sea  have  ever 
been  ready  to  recognize  the  Institute  as  a  parent  Society. 
We,  on  our  part,  have  seen  with  satisfaction  the  birth  and 
progress  of  similar  bodies  in  other  lands,  labouring  to  help 
forward  improvements  in  social  economy,  rendering  the  conditions 
of  life  more  stable  and  more  pleasant. 

A  gradual  increase  in  our  membership  is  noticeable ;  and 
there  seem  to  be  reasons  for  expecting  this  to  continue  rather 
than  to  diminish.  For  one  thing,  the  difficulty  experienced  in 
this  country  by  many  young  men  in  obtaining  a  suitable  opening 
in  life  is  probably  not  decreasing.  Then  the  opportunities  now 
obtainable  of  University  teaching  in  general  actuarial  and 
insurance  subjects,  while  in  no  way  competing  in  range  or 
importance  with  the  special  teaching  of  the  Institute,  may 
attract  more  attention  to  the  career  furnished  by  our  profession, 
and  lead  some  to  join  the  Institute.  The  Insurance  Institutes, 
too,  which  are  now  established  and  doing  good  work  in  important 
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provincial  centres,  give  encouragement  to  a  better  study  of  various 
branches  of  insurance,  and  some  of  the  members  may  join 
our  own  body.  The  establishment  of  these  Institutes,  the 
co-operation  which  exists  between  them,  evidence  the  sense  of 
responsibility  which  animates  the  members  in  their  daily  work, 
and  their  desire  to  improve  and  extend  the  practice  of,  in  its 
various  forms,  the  great  insurance  principle.  And  while  in  the 
past,  many  have  become  students  of  this  Institute  through 
chancing  to  obtain  an  insurance  office  opening,  let  us  hope  that 
in  future  young  men  of  liberal  education  will,  as  in  say,  Law 
or  Medicine,  join  the  profession  through  more  independent 
appreciation  of  its  aims,  scope  and  opportunities.  While  main- 
taining our  position  as  the  only  school  through  which,  in 
England,  the  actuarial  degree  can  be  obtained,  we  desire  to 
observe  friendly  relations  with  any  other  bodies  whose  teaching 
may  embrace  the  more  elementary  insurance  subjects,  and  from 
which  progressive  students  may  come  to  swell  our  own  ranks. 

A  large  increase  has  taken  place  in  our  Colonial  Members. 
The  step  taken  by  the  Council  in  1892,  when  it  determined  to 
hold  examinations  in  the  Colonies,  has  been  appreciated ;  and  in 
these  younger  countries,  which  form  so  important  a  part  of  the 
Empire,  qualified  men,  all,  I  am  sure,  actuated  by  a  feeling  of 
loyalty  to  and  interest  in  the  Institute  as  their  Alma  Mater,  have 
risen  and  are  rising  up  to  carry  on  and  extend  the  work  of  our 
profession.  We  have  had  good  papers  from  Colonial  Members, 
and  we  hope  for  more,  whether  on  subjects  specially  connected 
with  Colonial  work  or  questions,  or  upon  matters  of  general 
interest  to  the  profession  at  large. 

While  our  numbers  have  been  increasing,  and  may  still  further 
increase,  the  modern  tendency  to  the  concentration  and 
consolidation  of  undertakings  has  exemplified  itself  in  the  business 
of  insurance,  and  through  absorptions  and  amalgamations  the 
number  of  our  Life  Offices  has  somewhat  diminished.  Apart 
from  a  feeling  of  regret  which  many  may  experience  at  the 
disappearance  of  offices  of  old  standing  and  high  character,  such 
arrangements,  honestly  conceived  and  carried  out  for  the  sake  of 
efficiency  and  economy,  can  hardly,  I  imagine,  be  objected  to  on 
public  grounds,  so  long  as  the  number  of  offices  in  existence 
continues  sufficient  to  maintain  a  healthy  competition,  and  to 
afford  to  the  public  the  variety  in  constitution  and  operation 
which  are  desirable  in  the  general  interest.  Nor  has  the  business 
of   life    insurance   fallen   away  in  volume  or  degree  under  the 
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tendency  referred  to.  On  the  contrary,  it  has  increased  ;  and 
while  our  field  of  usefulness  may  gradually  expand,  it  is 
nevertheless  likely  that  the  business  of  life  assurance  will  continue 
to  form  our  chief  consideration  and  occupation.  We  desire  to 
see  the  principal  appointments  filled  by  Fellows  of  the  Institute — 
in  other  words,  that  the  chief  officer  of  every  office  should  be 
manager  as  well  as  actuary.  There  is  certainly  no  reason  why 
the  successful  manager  and  the  capable  actuary  should  not  be 
combined  in  one  person.  We  wish  to  attract  to  the  Institute  as 
students  young  men  of  liberal  education  who  are  willing  to  study 
both  theory  and  practice,  and  of  whom  the  more  capable  and 
practical  should  secure  the  better  appointments.  But  in 
connection  with  the  question  of  our  numbers  it  is  the  case  that 
rather  fewer  chief  appointments  than  formerly  may  in  future  be 
open  to  our  members,  though  the  conduct  of  so  vast  a  business 
should  always  ensure  the  employment  in  important  positions  of  a 
large  number  of  skilled  men,  and  is  likely  to  call,  as  time  goes  on, 
for  a  higher  standard  of  general  efficiency  among  the  staffs  of 
offices.  If  we  can  enlarge  our  field  of  operations,  it  will  be  of 
advantage,  in  more  ways  than  one,  to  do  so. 

In  alluding  to  subjects  which  are,  to  most  of  you,  familiar, 
my  object  has  been  to  indicate  that  the  Institute  continues,  both 
in  its  corporate  capacity  and  in  the  efforts  of  its  members 
individually,  to  exhibit  a  healthful  activity.  As  a  corporation, 
we  continue  our  educational  functions  on,  as  regards  the  number  of 
our  students,  a  somewhat  increasing  scale;  we  have  taken  some 
part  in  relation  to  practical  questions  affecting  the  great  cause  of 
life  assurance  ;  the  furtherance  of  statistical  science ;  the  status  of 
our  profession.  The  Council  has  rendered  further  assistance  to 
the  Royal  Patriotic  Fund  Corporation.  Individual  thought  and 
work,  however,  are  no  less  important — and  in,  perhaps,  a  wider 
sphere  than  heretofore.  I  should  say,  indeed,  that  upon  the 
general  results  of  individual  effort  will  mainly  depend  the  place 
held  by  the  profession  as  a  whole.  My  old  official  chief, 
Mr.  William  Thomas  Thomson, — to  whom  was  due  a  suggestion 
which  led,  in  1848,  to  the  formation  of  the  Institute, — a  man  of 
wide  and  liberal  conceptions, — said,  twenty-five  years  later,  "  the 
"  profession  of  actuary  is  one  of  the  learned  professions.  It  has 
"  worked  its  way  by  degrees  to  an  important  standing  which  is 
"  more  and  more  acknowledged  every  day,  as  the  public  become 
"  acquainted  with  the  onerous  duties  which  the  members  of  our 
"  profession    are    called    upon    and    are    qualified    to    perform." 
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Much  has  happened  since  these  words  were  spoken.  More  work, 
better  methods,  have  opened  up  to  us  ;  and  we  must  strive,  each 
in  his  own  way,  to  bear  our  share  of  the  trust  which  has  descended 
to  us. 

In  conclusion,  I  will  venture  to  address  a  few  words  specially 
to  our  younger  members. 

Those  who  have  attained  to  the  degree  of  F.I. A.  will  have 
realized  how,  in  the  complex  business  of  life  assurance,  while 
principles  remain  fixed  their  application  alters  and  extends  ;  and 
there  is  still  scope  for  fresh  thought  and  effort.  They  may  have 
been  chiefly  in  touch,  so  far,  with  the  purely  educational  side  of 
the  Institute's  work.  Important  as  that  is,  it  constitutes  but  one 
phase  of  our  aims  and  operations  ;  and  there  are  many  respects 
in  which  the  evolution  of  professional  competence  must  be 
continued  individually,  in  practical  opportunity  and  experience. 
And  in  and  beyond  official  and  professional  work  there  is  the 
cultivation  of  character,  and  of  general  business  ability.  Many 
years  ago,  Dr.  Sprague  expressed  the  view  that  the  prosperity  of 
a  Life  Office  depends  principally  on  the  character  of  its  chief 
officer;  and  according  to  that  view  you  will  recognize  that  our 
aims  and  acquirements  should  embrace  qualities  not  necessarily 
implied  in  the  Institute's  degree,  but  to  be  gained  in  that  sphere 
or  spheres  where  we  may  acquire  the  virtue  represented  by  the 
term  savoir  faire.  It  is  chiefly  you  who,  ere  so  very  long,  will 
be  conducting  the  affairs  of  the  Institute  ;  and  you  will  be  aided  in 
doing  so  by  keeping  abreast,  as  far  as  possible,  of  what  is  doing  year 
by  year,  and  so  have  in  your  minds  the  Institute's  work  and  history. 

To  those  who  are  still  Associates  or  Students  the  immediate 
interest,  no  doubt,  is  to  pass  our  examinations.  These  form  a 
subject  to  which  the  Council,  in  their  desire  to  apply  fair  and 
even  tests,  while  maintaining  our  standards,  pay  continuous 
attention.  In  a  Society  such  as  our  own,  where  examinations  are 
not  competitive,  and  which  places  no  limit  on  the  number  of 
times  a  candidate  may  occupy  the  attention  of  the  Examiners, 
there  may  be  temptation  to  do  so  on  a  doubtful  amount  of 
preparation.  When  one  is  young,  a  possible  year  of  waiting- 
seems  a  long  time.  Whatever  be  the  reason,  the  percentage  of 
passes  in  late  years  has  not  been  satisfactory;  and  I  would 
suggest  that  in  the  long  run  more  thorough  preparation  would 
involve  no  real  loss  of  time  in  attaining  proficiency.  Any  want 
of  thoroughness  in  the  earlier  studies  will  make  itself  felt  later  on, 
and  necessitate  a  retracing  of  one's  steps,  or  leave  some  permanent 
weakness  of   grasp.     To  cope  with  fresh  problems  in  the  wider 
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fields  alluded  to  demands  a  thorough  grounding  in  principles  and 
methods.  It  is  somewhat  hard,  no  doubt,  in  a  busy  official  life, 
to  find  time  for  private  study,  and  also  for  attendance  at  our 
meetings  ;  to  which  our  younger  members,  I  fancy,  do  not  come 
regularly.  I  would,  however,  urge  them  to  do  so ;  for,  although 
the  subject  of  the  paper  may  be  strange  or  difficult,  it  will  provide 
a  change  of  thought,  and  you  will  almost  certainly  carry  away 
some  new  information  or  idea  from  it  or  from  the  discussion. 
You  will  have  the  opportunity  also  of  making  acquaintance  with 
your  fellow-members. 

Let  us  hope  that  all  our  younger  members  will  strive  to 
become  not  only  experts  in  the  theory  of  our  special  work,  but 
also  men  of  affairs,  fitted  in  mind  and  manner  to  carry  on  and 
expand  the  work  of  a  profession  of  high  purpose  and  great 
possibilities,  largely  of  a  beneficent  nature,  in  our  social  system. 


On  the  Retrospective  Method  of  Valuation.  By  Fredeiuck 
Bell,  F.I. A.,  of  the  Alliance  Assurance  Company,  Limited  ; 
Actuary  for  the  Imperial  Life  Assurance  Fund. 

"Read  before  the  Institute,  19  December  1904] 

JlHE  method  of  valuation  generally  adopted  in  practice  is  that 
known  as  the  Prospective  Method;  by  it,  the  value  of  a  policy  is 
obtained  by  a  consideration  of  the  future,  and  is  the  discounted 
value  of  the  payment  to  be  made,  less  the  discounted  value  of  the 
payments  (if  any)  to  be  received ;  discounted,  that  is,  in  each 
case,  for  both  mortality  and  interest. 

It  is  probable  that  the  general  acceptance  of  the  method  arose 
in  the  first  place  mainly  for  two  reasons — 

(lj  Because  the  object  of  making  reserves  was  to  provide  for 
liabilities  payable  in  the  future — in  itself  a  strong  inducement  to 
estimate  that  reserve  by  consideration  of  the  future  ;  and 

(2)  Because  the  method  regarded  the  policy  as  a  sort  of 
debtor  and  creditor  account,  the  items  of  which  might  be  pitted 
against  each  other,  and  a  balance  struck  at  each  valuation,  and  it 
is  conceivable  that  this  aspect  of  the  matter  appealed  not  only  to 
methodical  actuarial  minds,  but  also  to  the  many  business  men. 
who,  though  not  actuaries,  had  done  much  to  raise  the  business 
of  Life  Assurance  to  high  repute. 

In  a  sense,  too,  the  Prospective  Method  has  received  the 
approval  of  the  Legislature,  for — drafted,  no  doubt,  under 
actuarial  advice — the  Life  Assurance  Companies  Act,  1870, 
vol.  xxxix.  c 
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requires  the  statement,  separately,  of  the  values  of  Sums  Assured, 
and  the  values  of  premiums,  in  the  following  form — 
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Under  these  circumstances,  it  is  not  surprising  that  the 
Retrospective  Method,  though  well  known,  has  received  (as  far 
as  I  am  able  to  trace)  but  little  consideration  from  Actuaries. 
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That  storehouse  of  information,  the  Institute  Text-Book, 
speaks  of  the  two  Methods  as  being  of  "  great  and  equal 
importance  " ;  a  considerable  part  of  Chapter  XVIII  is  devoted 
to  the  explanation  of  the  Retrospective  Method,  and  its  use  is 
exemplified  in  valuing  various  classes  of  policies,  but  I  do  not 
remember  to  have  come  across  it  frequently  in  practical  work;*  it 
is,  of  course,  equally  sound,  actuarially,  and  I  have  endeavoured, 
in  the  following  notes,  to  show  that  it  has  advantages  which  its 
more  popular  rival  lacks,  and  can  be  conveniently  and  usefully 
employed  for  the  valuation  of  most  of  the  classes  of  policies  which 
are  commonly  found  on  the  books  of  a  Life  Office. 

Quoting  again  from  the  Institute  Text-Book  (Part  II, 
1887  ed.,  p.  315):  "  The  value  of  a  policy  consists  of  the 
"  portion  assignable  to  that  particular  contract  of  the  difference 
"  between  the  accumulated  premiums  and  the  accumulated  claims 
"  in  respect  of  all  the  entrants.     That  is 

u  y  "x(-^j-i  —  -^g+M-i)  —  (Mx     Alx+n)  „ 

Although  the  "  policy "  here  spoken  of  is  "  an  ordinary 
"  whole-life  policy  of  1,  effected  exactly  n  years  ago  on  a  life  then 
u  aged  x,  at  an  annual  premium  of  ¥x",  the  formula  is  not 
expressly  restricted  to  whole-life  policies,  and  was  possibly  not 
intended  to  be  so  restricted ;  it  is,  in  fact,  a  general  formula,  and 
applies  equally  to  all  classes  of  policies  effected  at  level  annual 
premiums,  where  only  one  life  is  at  risk,  the  net  premium  Px, 
varyiug,  of  course,  according  to  the  class  of  Assurance  :  thus 

For  Whole-Life,  Limited  premiums,  Yx  becomes  tPx; 

„    Term  Assurances,  Px        „         Y-t ; 

„    Endowment  Assurances,  P.t.       „          Y-t ; 

and  so  on. 

For  reasons  which  will  appear  later,  I  prefer  to  write  this 
general  formula 

-y-    P,r(.-^3:-l  —  ^.v+n-l)       (Mx       Mx  +  n) 

n  '  x  —  j\ 

in  the  alternative  form 

nVx  =  \v+n-?x(l  +  ax+n)  +  {?*-7r^*   .     .     (A) 

Ux+n 

where  it  is  the  ordinary  whole-life  premium,  and  P  the  special 

*  See  note  on  p.  63. 

c  2 
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premium  ;  and  it  may  be  interesting — especially  to  students — if 
I  here  show  the  identity  of  this  formula  (A)  with  the  formula? 
generally  employed.     Thus — 

Whole-Life  Assurance. 

In  the  case  of  Whole-Life  Policies  it  is  clear  that  the  final 
term  disappears,  and  we  have  left,  the  usual  formula — 

n  '  x  =  Ar+«       "a*(-t    i   ax  +  n)  • 

Whole-Life  Assurance,  Limited  Premiums. 

fcP.-ir.)H. 


V  =  Ax+n— t?x(l  4  ax+n)  4 


D 


x  +  n 


_A        ,  Mx(Ex-^x+n-^x  +  ^x+t) 

—  Ax+n  —  f*\r(l  4  ax  +  )ft-n-\  )  • 

Term  Assurance. 


V=A*+B-P^(1  4  a.r+n)  +  fe"^^ 

"x+n 

-a  /M,r-Mx+A/^J+M-E-,A        Mx 

~    *+n     U,-I,+A      Dx+n      J     Bx+n 

Mj(l$x+n-Nx+t)  -Ux+t(^x+n-^x) 


(Mx  —  ^x  +  t)J)x+n 

Mg+W  _  (M,-MJ+()(IJ+n-I,+<)  +  MI4 f(N,-N,+t) 


Al.r +  «       -'A.r+;         Dl     ^  J'+w       -^  a: 


-P 


;+£ 


~~         T)  xt         T) 

=  A.r+  n  .  f_n|      r si  (14  «.r+n  •  t-«— 1  )  • 

Endowment  Assurance. 
Premiums  payable  throughout  duration — 

V-  \           —  V  -I  1  A-n         )+   (P-^~7r^)^ 
V  —  A,r+,j       I     «  'v  I  -h  ('x+n)  T   -pij 
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Vx+n         \         ~NX —  Nx+t         J\        D*+«       /        T>x+n 

_(Mx+n-Mx)(^x-^x+t)-(Mx-Mx+t  +  Dx+t)(^x+n-^x) 
J}x+n(Nx-18x+t) 

^a;(Mx+n-Mx+Mx-Mx^  +  J)x  +  t)-lJx+t{Mx+n-Mx) 

_ -^.+M(M,c-M,t.+,  +  D.r+,) 

^x{Mx+n-Mx+t+Bx+t)-^x+t(Mx+n-Mx+t+'Dx+t) 

=  -(^.-^XM^-M^  +  D^,) 

_  Mx+n-Mx+t  +  'Dx+t  _fMx-Mx+t  +  T)x+t\[^x+n-'®x+t\ 

=  -A-x+„.(3^| — "xT(l  +  flW»-«-?i-i  )• 

Endowment  Assurance,  Limited  Premiums. 
Premiums  payable  for  s  years  only,  n  being  less  than  s — 

=  A^+W— «P*7|(1 +  «*+»)  + k ' 

=  (Mx+n-Mx)(^x-lh-+s)-(Mx-Mx+t  +  J)x+t)(Ex+n-^x) 

Da.+M(Ma.  — Wa;+S) 

N.(M.+.-M,+*+D,+*)-S'«+^M«+ll-M.) 

=  -ITJ?+w(Ma.-MJ.+<  +  DJ+<) 

(F.-K#+-)(M»MI-1I^#+D»I^ 

-(^+»-^+«)(Ma-M;P+t  +  Da+<) 

=  Ar+»-£— «       ;,  tx7](,I  ~r  ttx+ifs— n— 1|J' 

It  is  thus  clear  that,  if  for  entry  age  a?,  P^.  be  the  net  annual 
premium  for  the  policy  to  be  valued,  and  irx  the  annual  whole-life 
premium,  the  use  of  the  formula 

v-a     -p  n+fl    )  +  (p*-"7r*)sr« 

-L'a!+n 

will  give  the  correct  value  of  the  policy  after  n  years'  duration — 
the  (n  +  l)th  premium  being  due  and  unpaid — whether  the  policy 
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be  for  Assurance  for  the  whole  of  life,  with  premiums  payable 
throughout  life,  or  for  the  whole  of  life  by  limited  premiums,  or 
for  a  term  of  years,  or  for  au  Endowment  Assurance. 

It  will  be  observed  that  the  only  expressions  made  use  of  are 
the  whole-life  single  premium  at  the  advanced  age,  the  net 
premium  (for  the  risk)  at  the  entry  age  multiplied  by  the 
whole-life  annuity  at  the  advanced  age,  and  a  correction — 

(P,— irJN, 

AJx+n 

of  which  the  numerator  is  constant  throughout  the  duration  of 
the  policy,  and  the  denominator  is  the  commutation  D  for  the 
advanced  age.  Except  in  as  far  as  it  enters  into  P,  the  number 
of  premiums  yet  to  be  paid  under  a  limited  premium  policy :  or 
the  number  of  years  yet  to  run  under  a  term  policy  :  or  the 
number  of  years  yet  to  run,  or  the  age  at  maturity,  or  the 
number  of  premiums  yet  to  be  paid  under  an  Endowment 
Assurance  Policy,  does  not  enter  into  the  calculation  of  the 
value  of  the  policy.  Hence  it  follows  that,  if  this  formula  be 
made  use  of,  all  the  foregoing  classes  of  policies  may  be  grouped 
together  for  valuation  purposes,  one  grouping,  namely,  by  the 
current  age,  being  sufficient  to  include  all  eudowment  assurances, 
the  only  condition  being  that  a  level  premium  is  to  be  payable  in 
respect  of  them. 

For  convenience,  I  propose  to  refer  to  the  numerator  of  the 
correction  (P*  —  irx)^x  by  the  single  letter  k  so  that  formula  (A) 
may  be  written — 

V=A*+n-P,(l+nc+lt)+T^-.     .     .     .     (A) 

-L'.r  +  M 

In  order  to  make  use  of  this  method,  it  is  necessary  to  note 
on  the  valuation  cards  the  value  of  kx ;  and  additional  columns 

are  required  in  our  valuation  sheets  for  kx  and  =r-^     respectively; 

but  apart  from  this,  the  valuation  of  these  somewhat  troublesome 
groups  of  policies  may  be  proceeded  with,  with  almost  the  same 
facility  as  if  they  were  whole-life  cases ;  in  fact,  except  that  it  may 
be  desired  to  keep  them  apart  for  the  purpose  of  Board  of  Trade 
Returns,  there  is  no  reason  why  they  should  not  be  grouped  with 
whole-life  cases  (for  which  fcr  =  0),  and  all  valued  together. 
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Calculation  of  k. 

In  order  that  this  paper  may  be  of  practical  value,  I  have 
appended  tables  of  kx  (Numerators  of  Corrections)  by  0M,  and 
0™  Mortality  at  2|,  2|,  3,  3£  and  4  per-cent  for  Whole-Life 
Assurance  by  Limited  Premiums  payable  for  10,  15,20,  25  and 
30  years,  and  for  Endowment  Assurance  maturing  at  ages  45,  50, 
55,  60  and  65. 

The  readiest  means  of  calculating  these  was  found  to  be  by 
the  use  of  the  formula? 

t^X  —  t^X^X  +  t'} 

^x+t 


and  k,j  = 


1  +  ^.iZIi' 


and  I  desire  here  to  acknowledge  the  kind  courtesy  of 
Messrs.  H.  J.  Baker  and  A.  H.  Raisin,  who,  by  giving  me  access 
to  their  calculations  of  tY^  and  a[X]j\  prior  to  publication,  have 
very  greatly  assisted  and  expedited  the  work. 

The  rationale  of  the  above  two  equations  is  evident,  and  it  will 
be  interesting  to  show  how  they  may  be  derived  from  the  general 
formula 

Thus,  for  Whole-Life,  Limited  payments — 

=  ,P^,-M.t. 

=  t^x^x+t 

and,  for  Endowment  Assurance — 
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Tables  of  correction-numerators  for  Simple  Endowments  and 
for  Term  Assurances  could  readily  be  formed  from  the  formula — 

and  ^7=A,7-/:x7 

which  are  obtained  as  follows  : 
For  Simple  Endowments — 

xt  xt\      x> 

since    in    this    case    there    is    no    mortality    risk.     Hence,    by 
substitution — 

xt~     l+*.i=I|    ' 

For  Term  Assurances — 

_  (M,-M,+t)K, 

_  (rfNa>+t-DJ+<)KJ-(rfNg-DJB)Hg+< 


It  is  self-evident  that,  since  P*yi  +  Pji  is  equal  to  P^-a,  k^,  +  kxj 
will  be  equal  to  kxj-,  but  the  above  deduction  from  the  general 
formula  for  correction-numerators  will  not  be  without  interest  as 
tending  to  confirm  the  correctness  of  the  formula. 

Valuation  of  Bonuses. 
No   method  of  valuation  of  special  classes  of  policies  is  of 
practical  use  unless  it  enables  us  readily  to  value  bonus  additions 
to  the  sums  assured,  and  in  this  respect  the  Retrospective  Method 
presents  no  difficulty. 
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If  A'x  be  the  single  premium  for  the  benefit  at  entry  age  x 

_  k!xQx      Mx-Mx+W 

nV*~"  D  D  ' 

or  in  the  alternative  form 

»Va;  =  Aa;+MH =r (H) 

Ux+n 

It  wants  but  little  consideration  of  this  formula  (B),  for 
its  identity,  with  the  formula  usually  adopted,  to  be  apparent, 
but  for  the  sake  of  completeness  and  for  the  benefit  of  students,  I 
append  the  proof;  thus — 

Whole-Life  Assurance. 

v  —  a       _l  (Ag— AgjDj. 

n  *  x  —  "as  +  »  "t"  -pv 

here,  obviously  the  second  expression  =  0,  and  we  have — 
V  —A 

Term  Assurance. 

V—  A         _u  (Kl~Ax)T>* 
v  —  A*+»  -r — 

=  Ma.+»  +  MJ.-Ma.+<-MA? 
_  Mx+n-Mx+t 

_A    1       

—  •rla;+7i.  t— n  • 

Endowment  Assurance. 

V  _  A  _L   (A^i~A*)^ 

J-'X  +  W 

_  Mx+n+Mx-Mx+t  +  Dx+t-Mx 

*-*x+n 

=  Mx+n-Mx+t  +  ~Dx+t 

±>X+n 

—  A         1 

—  ■*xx+».  t—n\  • 
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The  only  expressions  made  use  of  in  formula    (B)    are  the 

whole-life   single   premium    and    a    correction,    *         — -t  of 

which  the  numerator  is  constant  throughout  the  duration  of  the 
policy,  and  the  denominator  is  the  commutation  D  for  the 
advanced  age.  For  convenience  I  propose  to  refer  to  this 
numerator  by  the  letter  K,  so  that  this  formula  (B)  may  be 
written 

17"         \ 
*  ==  -n-x+n  T  jx 

-L'.r+n 

It  will  be  observed  that  the  expression  K  is  in  the  same  general 
form  as  k,  for 

K  (for  single  premium  cases)  =  (A'.r  —  AX)D.,.. 
k  (for  annual  premium  cases)  =  (P.r  —  7r.r)^"a.. 

When  made  use  of  for  valuing  bonuses  the  same  quantity  K  may 
be  employed  at  successive  valuations,  throughout  the  duration  of 
the  policy,  irrespective  of  the  date  of  the  declaration  of  the 
bonus  and  the  age  of  the  life  assured  at  the  time  of  such 
declaration,  since  in  the  cases  under  consideration,  (A'*— A^D^ 
is  constant  for  all  ages.  This  is  a  very  great  convenience,  since 
K  being  once  entered  on  the  valuation  card  its  multiplication  by 
the  last  declared  bonus  and  the  addition  of  the  result  to  the 
existing  entries  (of  k  multiplied  by  the  original  sum  assured,  and 
K  multiplied  by  previous — existing — bonus  additions)  is  but 
routine  work,  and  can  readily  be  performed  by  an  ordinary 
clerical  staff.  On  our  valuation  sheets  k  and  K  are,  of  course, 
dealt  with  together,  in  one  column,  the  common  multiplier  being 
the  reciprocal  of  J)x+n- 

The  formula  (B)  is  obviously  not  restricted  to  the  valuation 
of  bonus  additions  to  the  sum  assured,  but  applies  also  to  paid 
up  policies — which  bonus  additions  in  effect  are — but  in  valuing 
paid  up  Policies  it  is  usual  to  make  a  special  reserve,  in  addition 
to  the  value  of  the  sum  assured,  of  an  annual  sum,  for  expenses 
and  profit  during  the  remainder  of  the  duration  of  the 
assurance. 

The  amount  of  this  special  loading  being  /  per  annum, 
and  its  value  at  the  commencement  of  the  assurance,  being 
/ (1  +  ax_jzi), — i.e.,  an  annuity-due  for  the  term  of  t  years  during 
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which  the  assurance  is  to  run, — the  amount  in  hand  at  the  end 
of  the  nth  year  will  be 

*  I  T)  ~~       D  I 

*.  1Jx  +  n  XJx+7i        J 


=/(!+«*+»)+/- 


a 


=f(l  +  ax+n)-f-^ (C) 

The  first  of  these  expressions,  f(l  +  ax+n),  is    of   the  same 

character  as  the  premiums  to  be  valued  under  formula  (A),  but  it 

must  be  noted  that  it  is  a  positive  quantity  and  must  therefore  be 

dealt   with   separately   as   a   deduction   from  P(l +  #*+„)   in  the 

ft* 
valuation  sheets;   the  second  expression  '  ~  x+     is  of  the  same 

-L'ar  +  H 

character  as  the  corrections  in  formulae  (A)  and  (B),  and  can  be 
dealt  with  in  the  same  manner ;  it  is  a  negative  quantity. 

In  the  case  of  Whole-Life  Policies,  [x  + 1)  is,  of  course,  the 
limiting  age  of  the  table,  and/W#F+i  =  0. 

It  will  be  noted  that  the  special  reserve  is  identical  with  that 
produced  by  the  Prospective  Method,  for  if  the  term  of  years  for 
which  it  was  originally  made  be  /,  the  reserve  at  the  end  of  the 
?ith  year — a  beinir  less  than  t — will  be 


"VST 


.'-*-■  a: +  »       -°-^x+T        r/i    ,  \ 

/ rr~      -=/(!  +  «.,+ , .  i=^W  • 

Mx+n 

Reductions  of  premium,  by  the  application  of  bonus,  or 
otherwise,  are  similar  in  every  respect  to  the  "  annual  sum " 
referred  to  above,  and  will  be  valued  by  formula  (C) ;  the 
quantity  f^x+t  is  constant  throughout  the  duration  of  the 
assurance,  and  independent  of  the  age  of  the  assured  at  the  time 
of  the  commencement  of  the  reduction,  hence  "Nx+t  being  once 
entered  on  the  valuation  card,  its  multiplication  by  the  amount  of 
the  last  reduction  and  the  addition  of  the  result  to  the  previously 
recorded  values  of  k  and  K  multiplied  by  their  proper  coefficients 
(and  fNx+t  if  any)  are  easily  effected. 

The  amounts  of  reduction  per  annum  which  a  Cash  Bonus, 
or  payment,  will  purchase,  may  be  obtained  by  the  use  of 
formula  (C),  from  the  relation 

,__      Cash  Bonus 

J  T^r 

1     ,                      ^x  +  t 
l  +  «x+»—  fj 

•L'x  +  n 
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this  is,  however,  only  likely  to  be  of  service  where  ^x+t  is  already 
entered  on  the  cards,  and  a  table  of  temporary  annuities  is  not 
readily  available. 

It  will  be  convenient  to  say  here  that  the  corrections  k  and  K 
will  be  positive  or  negative  according  to  the  nature  of  the 
assurances  to  be  valued ;  for  instance,  for  Endowment  Assurances 
they  will  be  positive,  for  Term  Assurances,  negative.  Therefore 
it  will  be  necessary  to  adopt  a  clear  and  simple  method  of 
distinguishing  on  the  valuation  cards  whether  a  positive  or 
negative  correction  is  to  be  included  in  the  valuation  sheets;  the 
adoption  of  a  special  coloured  ink — red,  for  example — should 
prove  sufficient  to  avoid  all  possibility  of  error  in  this  particular. 
In  the  illustrative  cards  included  in  this  paper  the  negative 
corrections  are  printed  in  old  style  type.  It  will  be  convenient 
to  have  two  columns  on  the  valuation  policy-lists,  for  positive 
and  negative  corrections  respectively ;  the  difference  only  of  the 
two  columns  will  require  to  be  valued,  but,  as  this  may  be  positive 
or  negative,  two  columns  of  k  (or  K)  will  be  needed  on  the 
valuation  sheets. 

To  revert  to  the  subject  of  special  loadings,  it  not  infrequently 
happens  that  we  desire  to  accumulate  during  a  fixed  term  of  years 
a  special  loading  to  provide  for  expenses  and  profit  after  the  fixed 
term  has  expired;  that  is,  generally,  after  the  payment  of 
premiums  has  ceased. 

Assuming  that  the  loadings  (g)  are  to  be  accumulated  during 
t  years,  the  value  of  the  loadings  in  hand  at  the  end  of  n  years, 
n  being  less  than  t,  will  be 

v  —  y     j) 

N 

=  -g(l  +  ax+n)+gw^ (D) 

It  is  clear  that  we  can  readily  incorporate  this  special  loading 
with  the  premium  payable ;  so  that,  in  this  case  our  formula  (B) 
becomes 

v=A^„-(pI+<,)(i+w,)+(P'-+r,rJ^. 

U  m  j_  n 


x+n 


At  the  end  of  the  tth  year  the  amount  of  accumulation  of 
special  loadings  in  hand,  will  be  g — ^ — ^-3  and  if  this  be  the 
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amount  required  to  provide  /  per  annum  during  the  remainder  of 
the  duration  of  the  assurance  (s  years,  say),  then 

9 T> =/(l  +  «j,.,-lJ 

Vx  +  t 

which  latter  quantity  enters  into  formula  (C)  given  above,  y  being 
here  written  in  place  of  x  +  n  so  as  to  show  clearly  the  identity  of 
the  expression  with  that  in  formula  (C). 

In  all  the  foregoing  it  has  been  assumed  that  a  net  premium 
valuation  is  desired,  but  the  use  of  the  Retrospective  Method  is 
not  limited  to  net  premium  valuations. 

When  {Yx  +  <f>x)  is  the  premium  to  be  valued,  the  formula  for 
the  value  of  the  policy  at  the  end  of  the  nth  year  will  be — 

»V.t  =  AI+B-  {rx  +  <p.v)[i-  +  i'x+n)-\ fj h -tv •      •  {&) 

In  the  case  of  a  whole-life  policy,  with  premiums  payable 
throughout  life,  (x  +  t)  is  the  limiting  age  of  the  table  and 
therefore  ^+$=0. 

This  formula  is  a  combination  of  the  formula?  (A)  and  (C), 
and  although  somewhat  formidable  in  appearance,  when  once 
(f>x  and  the  correction  for  cf)x  are  entered  on  our  valuation  cards, 
it  does  not  at  all  add  to  the  work  or  trouble  of  valuation.  It 
will  be  observed  that  in  this  case  the  expressions  in  formula  (C) 
take  the  reverse  sign,  since  <f>x  is  not  a  loading  to  be  accumulated 
by  the  Office  as  a  provision  for  a  future  liability,  but  it  is,  rather, 
a  contribution  by  the  assured  to  the  discharge  of  a  liability 
(namely,  expenses)  incurred  by  the  Office  on  his  behalf. 

I  am  aware  that  this  formula  does  not  agree  with  that  given 
on  p.  324  of  the  Text-Book  (1887  ed.),  which  states  : 

"  If  the  premium  P^  payable  under  the  policy  be  loaded  to 
"  the  extent  of  <$>x  by  the  Prospective  Method  we  should  have 

"  nV  :r  =  A.c+M—  (P*  +  <£.r)  (1  +  ax  +  n) 

—  nS  x  —  (f).r{l+(l.r+n)} 

"  and  by  the  Retrospective  Method  we  should  have 

„   v„  _(Fx  +  ^)(NJ..1-NJ.+w_,)-(MJ-MJ+w) 

±Jx+n 

-  v  ,<MN*-i--N*+»-i) 

—  n  v  X  "I 


Dx  +  n 
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"  It  thus  appears  that  in  the  case  of  a  loaded  premium,  the  value 
"  of  a  policy  by  the  Prospective  Method  is  smaller  than  the 
"  net  premium  value,  while  by  the  Retrospective  Method  it 
"is  larger";  but  I  submit  that  this  formula  (for  the  value  of 
a  whole-life  policy)  omits  to  take  account  of  one  of  the  primary 
conditions  assumed  in  the  use  of  (P.r +  <£.»•)  namely,  that  the 
Policy  at  the  outset  is  weighted  with  a  charge  which  requires  the 
annual  payment  of  <£.c  to  liquidate  it.  It  is  an  actuarial  axiom 
that  at  the  commencement  of  the  assurance  the  Benefit  and 
Payment  sides  of  the  contract  are  equal.  Assuming  then  that 
the  whole  of  the  annual  payments  of  (Px  +  (f>x)  is  required  to 
provide  A^  we  have 

Benefit ;  Ax  = 

Payment ;   (Px  +  <£.r)  (l+ax), 

which,  in  the  language  of  Euclid,  is  absurd.  It  is  clear  that  the 
Benefit  is  Ax  +  (f>x(l  +  ax),  that  is,  that  the  assurance  is  loaded  at 
the    commencement    with    a    charge    of  </>.r(l  +  ax). 

Proceeding  on  this  basis,  we  have  as  the  value  of  the  policy  by 
the  Retrospective  Method 

v»  _  (Px  +  ^>,)(M,r-^,v+w)-(M,.-M;c+n)-^(l  +  ODa- 

=  Kv+n  —  (Px  +  <M  (1  +  «*+») 

so  that  the  values  by  the  Prospective  and  Retrospective  Methods 
are  equal,  as  they  undoubtedly  should  be. 

This  proof  of  the  equality  of  the  results  by  the  two  methods 
need  not  be  limited  to  whole-life  policies  with  premiums  payable 
throughout  their  duration,  for,  if  we  assume  that  the  assurance  is 
to  be  secured  by,  say,  t  premiums  our  formula  becomes 

v=Aw,-(,p.+a,)(i +«.».)+  &'-*•)*•  +  igja!. 

Proceeding  from  this  to  the  prospective  formula,  we  have 

v-a         pm+*     \ «  («p«-*-«)N«     4>*QZ*+.-X*+t) 

»   —  -\r  +  n  —  t^x{i--rOx  +  n)-\ pr j: 

=  Aar  +  M—  (fP* +  <£*)(!  +  «*+ n  .t-ji-l) 


1905.]  On  the  Retrospective  Method  of  Valuation.  31 

In  the  same  way  the  values  by  the  Prospective  and  Retrospective 
.Methods  may  be  proved  to  be  equal  for  endowment  assurances, 
and  other  classes  of  assurances,  provided  the  initial  charge  on 
the  policy  be  taken  into  account. 

Endowments  Simple. 
Although  Simple  Endowments  are  not  assurances  in  which 
lives  are  at  risk,  and  therefore  are  not  policies  for  the  valuation 
of  which  formula;  (A)  and  (B)  are  suitable  ;  and  although  their 
valuation  by  the  formula?  usually  employed  is  very  readily  effected, 
it  will  be  desirable  to  consider  in  what  way  their  valuation  can  be 
included  in  a  valuation  by  the  Retrospective  Method,  because 
bonus  additions  to  sums  assured  are  sometimes  made  contingent 
upon  the  survival  of  the  life  assured  to  an  agreed  age. 

In  this  latter  case  the  value  of  the  bonus  is  obviously  fp-^, 

"x  +  n 

where  (z  +  t)  is  the  endowment  age  ;  and  D.v+t  (multiplied  by  the 
amount  of  contingent  bonus)  is  the  quantity  to  be  added  to  h 
(or  K)  to  increase  the  reserve  by  the  value  of  the  contingent 
bonus.  It  is  hardly  necessary  to  add  that  contingent  bonuses 
must  be  entered  in  a  separate  column  on  our  valuation  policy- 
lists,  as,  if  included  with  other  bonuses,  they  would  be  multiplied 
by  Ax+n,  and  the  result  included  in  our  valuation  summary. 

Simple  endowments  secured  by  annual  premiums  can,  if 
desired,  be  included  with  other  classes  of  policies  in  our  valuation 
policy-lists,  and  by  the  use  of  formula  (D),  valued  together  with 
them,  thus — 

xt        x  . 


V=-P±,(l+«,+B)  + 


-L'.r  +  tt 


this   is   obviously  identical  with  the  formula  of  the  Prospective 
Method,  for 

\$,-TSa+J{     Vx+n     J 
(Nx-^x+t)Bx+n 

_   T>x  +  t  _  p  1  ^r  +  »—  ^x  +  t 

~  T)  '  T) 

J-'ar  +  w  *->x  +  n 

=  \  +  n .7^ -P,7.(l +  «*+». f-r^rii) 

In  this  case,  again,  if  the  Retrospective  Method  be  used,  care 
must  be  taken  that  the  amounts  assured  be  not  included  in  the 
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cast  of  the  Sums  Assured  column  in  our  valuation  policy-lists — 
this  could  be  guarded  against  by  using  either  a  special  card,  or 
a  different  coloured  ink,  as  suggested  above — for,  if  so  included, 
the  result  of  their  multiplication  by  Ax+n  would  be  thus 
included  in  our  valuation  summary  and  result  in  an  over-statement 
of  our  liability. 

Recapitulation  of  Formulae. 

I  trust  I  have  shown  that  the  values  of  policies  may  be 
expressed  in  formulae,  derived  by  the  Retrospective  Method, 
which  are  mathematically  accurate,  and  which,  I  suggest,  are 
more  convenient  than  those  of  the  Prospective  Method,  in  the 
practical  work  of  valuation ;  not  perhaps  in  the  valuation  of 
isolated  cases,  but  in  the  valuation  of  large  numbers  of  policies 
of  different  descriptions,  such  as  we  have  periodically  to  undertake. 

Before  proceeding  to  give  examples  of  their  use,  it  will  be 
well  to  recapitulate  the  principal  of  these  formulae  ;  they  are 
as  follows  : 

For  net  premium  valuation — 

(1)  For  a  policy  subject  to  level  annual  premiums 

V=Ax+n-Vx(l  +  a!B+n)+^-      ....     (A) 

(2)  For  a  paid-up  policy  (or  reversionary  bonus) 

V=A,+w+f^- (B) 

^x  +  n 

(3)  For  a  reduction  of  premium,  or  special  loading  of/ 

per  annum 

Y=f(l  +  a.+J-&m (C) 

*-*x+n 

(4)  for  a  policy  subject  to  level  annual  premiums,  and 
entitled  to  a  reduction  of  premiums  of  /  per  annum 
by  bonus  or  otherwise 


Hence- 


V  =  Ax+n-  (Px-f)  (1  +  ax+n)  + 


^x+n 


(5)  for    a    paid-up    policy,    including    a    special   loading 
reserve  of/ per  annum 

y=Ax+n+f(l+ax+n)+  K~/M*+'; 

Ux  +  n 
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(6)  For    a    simple    endowment,    subject    to    level   annual 

premiums  of  g  per  annum,  or  for  the  accumulation  of 
an  amount  of  g  per  annum  from  the  commencement 
of  the  policy  as  an  additional  reserve 

Mr 
V=-g(l+ax+n)+g     ^- (D) 

^x  +  n 

Hence — 

(7)  For  a  policy  subject  to  level  premiums,  including  the 

accumulation  of  g  per  annum 

V  =  Ax+n-(?x  +  g)(U-ax+n)+l'*+-9^ . 

Ux+n 

For  valuation  using  a  loaded  premium — 

(8)  For  a  policy  subject  to  level  annual  premiums 

V=A,+»-(P,+£)(l  +  ^+wH^&±*.     .     .     (E) 

This  formula  is  obtained  by  combining  formulae  (A)  and  (C), 
but  it  may  also  be  derived  from  formula  (D),  thus — 

l-x  +  ^x         (KKx-^x+t) 


Y  =  Ax+n-(?x  +  4>)  (1  +  ax+n)  + 


■L'x  +  n  -L'.r  +  H 


=  Xr+n~  (?,  +  <!>)  (I +  0.x  +  n)  +  k*±f**+*    .       .       .       .(E) 

Note. — Where  the  policy  is  for  the  whole  of  life,  with  level 
premiums  payable  throughout  its  duration,  x  + 1  is  the  limiting 
age  of  the  table,  and  we  have  therefore 

V  =  Ax+n  —  (P.r  +  (f))  ( 1  +  ax+n)  +  — ff^  ~T\~      > 

and,  since  in  this  case  kx=0}  the  last  two  terms  disappear  and 
we  have  the  ordinary  prospective  formula. 

Practical  Examples. 
We  are  now  in  a  position  to  test  the  method  by  employing 
the  foregoing  formulas  in  the  valuation  of  typical  cases — 

1.  A  Whole-Life  Policy  effected  at  age  20,  sum  assured 

£100,  net  annual  premium  £1'422,  bonus  additions 
£24. 

2.  A  Whole-Life   Policy  effected  by  single    premium    at 

age  22,  sum  assured  £200.  A  loading  of  £0-4 
per  annum  for  the  remainder  of  life  to  be  reserved 
for. 
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3.  A  Whole-Life  Policy  effected  at  age  24,  sum  assured 

£300,  net  annual  premium  £6*729,  payable  for 
25  years  only.  The  amount  of  ,€0*257  per  annum  to 
be  accumulated  during  the  term  of  25  years  to 
provide  for  future  loadings. 

4.  A   Term   Assurance   Policy   effected    at  age  26,  sum 

assured  £400,  net  anuual  premium  £3*532  payable 
until  age  55,  when  the  assurance  ceases. 

5.  A  Term  Assurance  Policy  effected  by  single  premium 

at  age  28,  sum  assured  £500.  A  loading  of  £1 
per  annum  until  age  60  (when  the  assurance  ceases) 
to  be  reserved  for. 

6.  An  Endowment  Assurance  Policy  effected  at  age  30, 

sura  assured  £600,  net  annual  premium  £25*5, 
payable  until  age  50,  when  the  endowment  matures. 
Bonus  additions  £105. 

7.  An  Endowment  Assurance  Policy  effected  at  age  32, 

sum  assured  £700,  net  annual  premium  £21*105, 
payable  for  25  years.  Endowment  matures  at  age  65. 
The  amount  of  £0*546  per  annum  to  be  accumulated 
during  the  term  of  25  years  to  provide  for  future 
loadings. 

8.  An  Endowment  Assurance   Policy  effected   by  single 

premium  at  age  34,  sum  assured  £800.  A  loading 
of  £1*6  per  annum  until  age  60  (when  the 
endowment  matures)  to  be  reserved  for. 

9.  An  Endowment    Simple   Policy    effected   at   age    36, 

sum  assured  £900,  net  anuual  premium  £31*491 
payable  until  age  55,  when  the  endowment 
matures. 

10.  An  Endowment  Simple   Policy    effected  by   a   single 

premium  at  age  38,  sum  assured  £1,000.  A  loading 
of  £2  per  annum  until  age  50  (when  the  endowment 
matures)  to  be  reserved  for. 

11.  A  Whole-Life  policy  effected  at  age  31,  Sum  Assured 

£1,100.  Original  net  annual  premium  £21*747, 
reduced  by  bonus  by  £2*284  per  annum. 

12.  An  Endowment  Assurance  Policy  effected  at  age  33, 

sum  assured  £1,200.  Net  annual  premium  £46*824, 
payable  until  age  55,  when  the  endowment  matures. 
Contingent  Bonus  addition  of  £90,  payable  on 
attainment  of  age  55  only. 
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At  attained  age  43,  independent  valuation  of  the 
foregoing  policies  by  0M  2\  per-cent  gives  the  following  reserve 
values  : — 

Policy  No. 


1 

Reserve 

value 

£41-624 

2 

>> 

>> 

117036 

3 

)' 

>) 

134327 

4 

)> 

>) 

18534 

5 

>y 

ti 

111-982 

6 

)> 

)> 

436152 

7 

)} 

}> 

218-714 

8 

>> 

)> 

572-195 

9 

>> 

}> 

252-998 

10 

)> 

>j 

784-474 

11 

» 

>) 

242-371 

12 

it 

>} 

506-076 

£3,436-483 

Grouping    the    policies     together    we    have    the    following 
schedule  : 


Current  Age  43. 


0M  2h  per-cent. 


Sum 

Contingent 

Net  Premiums  and 

No.  of 
Policy 

Assured 

Sum 

Special  Loading 

and 
Bonus 

Assured 
and  Bonus 

Additions 

Additions 

Positive 

Negative 

Positive 

Negative 

1 

124 

1-422 

2 

200 

•400 

3 

300 

6986 

2,852 

... 

4 

400 

3532 

3,885 

5 

500 

1000 

5,187 

6 

705 

25-500 

14,994 

7 

700 

21-651 

6,782 

8 

800 

1-600 

2,988 

9 

900 

31-491 

24,020 

10 

1,000 

2-000 

21,464 

11 

1,100 

21-747 

2-284 

... 

12 

1,200 

90 

46-824 

20,554 

6,029 

1,990 

159-153 

7-284 

93,654 

9,072 

Dedut 

it:    ... 

7-284 

... 

9,072 

£6,029 

1,990 

151-869 

84,582 

D    2 
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Valuation—  A43  x      6,029  =  3,304676 

^2  x    84,582  =  2,945-365 

6,250041 

(1  +  O  x  151-869  =  2,813-525 


Liability  £3,436-516 


It  will  be  observed  that  although  the  policies  included  in 
this  group  are  of  widely  different  descriptions  and  for  various 
terms  of  years,  the  resulting  reserve  is  practically  identical  with 
that  produced  by  independent  valuation,  the  only  difference  which 
can  arise,  in  fact,  being  caused  by  the  adjustment  in  the  final 
figure  in  the  tables,  not  only  of  the  correction,  but  also  of 
A,  a,  it,  and  D,  which  probably  affects  the  independent  valuation 
as  much  as  it  does  the  grouped  valuation. 

The  foregoing  examples  assume  that  at  the  moment  of 
valuation  the  lives  assured  have  exactly  attained  the  valuation 
age,  and  also  that  the  (?i+l)th  premium  is  due  and  unpaid. 

These  are,  of  course,  not  the  circumstances  prevailing  at  an 
office  valuation,  and  it  is  necessary  to  give  effect  to  both  the 
dates  of  birth,  and  the  renewal  dates  being  distributed  throughout 
the  year. 

Assuming  that,  in  each  case,  these  are  uniformly  distributed, 
and  taking  the  nearest  age  as  the  valuation  age,  the  necessary 
adjustment  is  readily  effected  by  the  addition  of  \V  to  the 
reserve,  in  whole-life  cases ;  for  endowment  assurances  and  other 
cases  where  the  premiums  are  terminable,  the  same  correction 
(the  addition  of  |P)  will  apply,  provided  that  the  life  assured 
be  assumed  to  have  entered  at  exact  age  x ;  so  that,  if  a  life 
entering  at  age  29  and  4  months  be  accepted  as  entering  at,  and 
required  to  pay  the  rate  of  premium  for,  age  30,  we  assume  for 
valuation  purposes,  that  be  was  born  30  years  before  entry.  It 
is  now  usual  for  endowment  assurances  to  mature  on  the 
anniversary  of  entry,  so  that,  in  such  cases,  the  assumption  that 
the  date  of  birth  is  exactly  x  years  before  entry,  tallies  as 
nearly  with  the  fact  as  the  assumption  that  the  endowment 
matures  at  age  (x  +  t). 

In  order  to  show  more  clearly  the  effect  of  this  procedure,  let 
us  take  four  examples,  all  endowment  assurances  to  mature  on 
the  anniversary  of  entry  in  the  60th  year. 
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Policy  (ft).  Assured  born  in  March,  I860,  entered  in 
January  1900.  His  age  at  entry  being  40  next  birthday,  his 
policy  is  for  20  years  and  matures  in  January  1920. 

Policy  (b).  Assured  born  in  September  I860,  entered  in 
January  1900.  His  age  at  entry  being  40  next  birthday,  his 
policy  is  for  20  years  and  matures  in  January  1 920. 

Policy  (c).  Assured  born  in  March  1860,  entered  in 
December  1900.  His  age  at  entry  being  41  next  birthday,  his 
policy  is  for  19  years  and  matures  in  December  1919. 

Policy  (d).  Assured  born  in  September  1860,  entered  in 
December  1900.  His  age  at  entry  being  41  next  birthday,  his 
policy  is  for  19  years  and  matures  in  December  1919. 

If  these  policies  are  to  be  valued  (by  the  Retrospective  Method) 
on  the  31  December  1900,  the  nearest  actual  age  at  date  of 
valuation  will  be  for — 

Policy  (a)  41,  whereas  the  entry  age  was  40, 
„      (b)  40,         „  „  „        40, 

„       (c)  41,  „  „  ,,         4J, 

»      {d)  40,         „  „  „        41 ; 

therefore,  the  use  of  the  actual  age  assumes  that  at  the  valuation 
date  one  premium  has  been  paid  on  policy  (a),  no  premium  on 
policies  (b)  and  (c),  and  minus  one  premium  on  policy  (d)  ;  the 
addition  of  A_P  will  not  rectify  this,  nor  leave  a  positive  value  in 
the  case  of  policy  (d). 

On  the  other  hand,  if,  for  policies  (a)  and  (b)  we  assume  the 
date  of  birth  January  1860,  and  for  policies  (c)  and  (d)  we 
assume  the  date  of  birth  December  1859,  then  the  nearest  assumed 
age  at  date  of  valuation  will  be  for — 

Policy  («)  41,  whereas  the  entry  age  was  40, 
,,      (6)41,         „  „  „        40, 

a        \C)  41,  „  „  „  41, 

„       0)41,  „  „  „         41; 

the  use  of  the  assumed  age  gives  at  the  date  of  valuation  one 
premium  payment  in  the  case  of  policies  (a)  and  (b)  and  no 
premium  payment  in  the  case  of  policies  (c)  and  (d) ;  the  addition 
of  |P  produces  an  average  payment  of  one  premium,  and  when 
successive  years  are  taken  together,  the  under-estimate  of  the 
payments  of  entrants  in  the  second  six  months  of  any  year  are 
balanced  by  the  over-estimate  of  the  payments  of  entrants  in  the 
first  six  months  of  the  next  year. 
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A  similar  result  (that  is,  the  average  payment  of  one 
premium)  is  produced  if  we  assume  the  lives  to  enter  at  the 
nearest  age  at  the  date  of  entry,  but  the  term  of  the  policy 
must  be  unaltered,  and  the  premiums  to  be  valued  will  therefore 
be,  for 

Policy  (a)  the  premium  for  entry  age  40  to  mature  at  60, 

„      (b)               „                 „            39  „           59, 

»      (c)               »                  „            41  „           60, 

„      (d)              „                  „            40  „           59. 

The  effect  of  this  procedure  is  that  credit  is  taken  at  the  outset  for 
the  commuted  value  of  the  difference  between  the  net  premiums 

•A A      _\ 

actually  payable  and  those  valued,  that  is,  for  2  ( — — —     *~1"  J  . 

I  suggest  that  the  same  method  (of  assuming  the  date  of  birth 
to  be  exactly  x  years  before  entry)  may  very  properly  be  applied 
to  whole-life  assurances,  since,  as  the  above  examples  show,  the 
usual  method  of  valuing  at  the  nearest  current  age,  the  premium 
for  age  next  birthday  at  entry,  may  result  in  producing  undisclosed 
negative  values. 

In  practice  there  is  found  a  marked  tendency  for  lives  to 
enter  in  the  latter  half  of  the  financial  year,  i.e.,  to  defer  entry 
until  just  before  the  close  of  the  financial  year ;  the  intensity  of 
this  tendency  differs,  no  doubt,  in  different  offices,  and  probably, 
also,  in  some  degree,  in  different  classes  of  assurance,  and  effect 
should  be  given  to  it  in  deciding  the  proportion  of  the  year's 
premium  to  be  added  to  the  value  produced  by  the  use  of  P(l  +a) 
so  as  to  obtain  the  ultimate  reserve  value. 

Valuation  Cards  and  Schedules. 

The  following  cards  were  used  in  valuing  the  foregoing  typical 
cases,  and,  as  I  have  endeavoured  to  include,  in  these,  examples  of 
all  cases  likely  to  commonly  occur,  will  probably  be  found  suitable 
for  practical  use. 
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Provision  is  made  for  recording  on  the  cards  the  rates  of 
correction-numerator;  as  these  are  constant  throughout  the 
duration  of  the  policy,  their  entry  on  the  cards  facilitates  the 
entry  and  checking  of  the  numerators,  while  it  also  renders 
it  unnecessary  to  refer  to  the  tables  for  later  entries,  such  as 
for  second  or  subsequent  bonus  additions  to  the  sum  assured, 
or  premium  reductions.  The  note  on  the  top  right  hand  corner 
"Born  within  six  months  of  31st  December,  18  ",  obviously 
applies  only  where  policies  are  valued  at  the  nearest  age  at 
valuation  date;  it  is  of  assistance  in  sorting.  The  cards  as  drawn 
provide  for  five  valuations ;  this  number  could  of  course  be 
increased,  but  most  offices  allot  bonuses  quinquennially,  and 
twenty-five  years'  wear  will  probably  be  thought  sufficient  for 
a  card ;  it  is,  of  course,  not  necessary  to  print  in  the  dates  of 
bonus,  but  in  my  opinion  it  is  an  advantage.  It  is  neat  in 
appearance,  and  tends  to  keep  the  information  on  the  card  clear 
and  distinct. 

The  difference  between  Card  A  and  Card  B  is  so  slight  that 
a  single  form  of  card  could  readily  be  made  to  serve  for  the  two, 
but  I  personally  prefer  to  use  a  special  card  for  paid-up  cases, 
and  I  therefore  include  it ;  it  is  rather  clearer  and  simpler  than 
Card  A. 

In  order  to  exemplify  the  use  of  these  cards  I  append  copies 
of  those  used  for  the  twelve  policies  valued  on  pp.  35  and  36.  It  is 
hardly  necessary  for  me  to  comment  on  them,  except  to  point 
out  that  in  all  these  cases,  though  of  widely  different  descriptions, 
only  the  two  forms  of  card  are  used.     It  will  be  noticed  that  the 

rate  of  correction-numerator  for   contingent   bonuses,       ^_,   is 

substituted  for  rp^r^   on  the  card  for  Policy  No.  12 ;  this  form 
1000  J 

of  bonus  being  somewhat  unusual,  I  did  not  think  it  necessary 

to  provide  for  it  on  the  typical  Card  A.      It  will  be  remembered 

that,  in  the  illustrative  cards,  old  style  type  is  used,  instead  of 

red  ink,  to  denote  negative  quantities. 
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The  form  of  schedule  for  listing 
policies  is  mainly  different  from  that 
ordinarily  used,  in  that  it  requires  a 
double  column  for  Premium  and 
Loading  instead  of  the  usual  single 
column,  and  an  additional  double 
column  for  Correction-Numerators, 
the  object  of  doubling  these  columns, 
as  before  explained,  being  to  provide 
for  the  negative  quantities  which 
arise  under  certain  classes  of  policies. 
For  with-prorit  policies  a  further 
double  column  will  be  required  to 
enable  the  cost  of  declaring  a  rever- 
sionary bonus  to  be  calculated.  I 
will  deal  with  the  use  of  this  column 
later. 

In  case  the  appearance  of  this 
schedule  be  thought  formidable,  I 
should  like  to  mention  that  the  form 
of  list  I  have  been  in  the  habit  of 
using  contains  nine  columns,  whereas 
this  list  contains  eight,  if  double 
columns  be  counted  as  one,  or  eleven, 
if  as  two  columns.  The  last  double 
column  is  for  Bonus  Estimate,  and  is 
used  only  for  participating  policies. 
It  should  be  kept  in  mind  that  this 
list  is  intended  for  with  and  without- 
profit  policies  for  the  "Whole  of 
Life,  Endowment  Assurances,  Simple 
Endowments,  and  Term  Assurances, 
including  policies  in  each  class  effected 
subject  to  limited  premiums,  or  paid- 
up,  and  that  these  can,  if  desired,  be 
listed  together ;  thus,  even  if  it  were 
slightly  more  cumbersome  than  the 
usual  form — which  I  do  not  wish  to 
suggest — it  is  not  one  ordinary  list 
that  it  takes  the  place  of,  but  many. 

This  form  may  also  be  used  for 
summarizing  the  valuation  particulars, 
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the  only  alteration  required  being  the  substitution  of  the  number 
of  policies  at  each  age  for  the  policy  numbers,  and  the  addition 
of  a  column,  preferably  on  the  left  hand  side,  for  the  valuation 
ages.  It  will  be  observed  that  a  margin  has  been  left  for  this 
purpose.  The  difference  between  the  positive  and  negative  sides 
of  each  of  the  double  columns  will  have  been  taken,  when  the 
policy  lists  were  cast,  and  the  net  result  in  each  case  will 
therefore  appear  on  the  valuation  particulars.  Almost  without 
exception,  these  will  be  found  to  be  positive,  and  the  negative 
columns  will,  I  anticipate,  be  rarely  used. 

The  Valuation    Schedule    is    simple;    it    requires    only   five 
columns. 

Valuation. 


Valuation 
Age 

Value  of 

Liability 

Sums 

Assured 

and  Bonus 

Additions 

x  ™-x-\-n 

Net  Premium 
x  (1  +  ax+n) 

Correction 
x  ®x+n 

Positive 

Negative 

Positive 

Negative 

Here,  again,  double  columns  are  given  for  Net  Premiums  and 
Corrections,  but  the  negative  columns  could  probably  be 
dispensed  with.  It  will  be  noticed  that  I  do  not  provide  for 
valuing  the  office  premiums ;  it  is  necessary  to  consider  the 
subject  of  gross  premium  valuation  with  special  reference  to 
Valuations  by  Mixed  Mortality. 

I  have  hitherto  presupposed  a  net  premium  valuation,  and  in 
this  I  do  not  include  valuation  by  combined  tables  of  mortality, 
such  as  by  HM(5)  using  HM  premiums,  or  0M(5)  using  0M  premiums; 
these  are,  of  course,  gross  premium  valuations,  the  amount  thrown 
off  for  future  expenses  and  profit  being  usually  left  unascertained. 

It  is  a  condition  precedent  to  the  use  of  my  formula?  that  the 
net  premium,  calculated  by  the  table  of  mortality  employed  in 
the  valuation,  be  valued ;  but  it  does  not  follow  from  this  that 
the  method  is  not  suitable  for  valuing  by  combined  tables ;  all 
that  is  required  is  that  the  premium  to  be  reserved  in  such  cases 
be  regarded  as  a  loaded  premium,  and  that  formula  (E) 
be  employed.  Thus,  for  valuation  by  0M(5)  using  0M  premiums, 
the  net    premium    used    in    calculating   k}  and  K,   will   be  the 
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qm(.5)  premium^  and  the  loading  will  be  the  difference  between 
the  0M  and  0M(5)  premiums. 

As  an  example,  to  show  the  effect  of  this  procedure,  let  us 
take  the  case  of  a  term  assurance  effected  at  age  x  for  the  term 
of  t  years,  and  n  years  in  force. 

Indicating  functions  calculated  by  0M(5)  mortality  by  Roman 
type,  and  those  by  0M  mortality  by  italic  type,  we  have — 

(1)  The  usual  formula  (prospective  method) 

V  =  A^n.^-P^(l+«^.7r^). 

(2)  Formula  (E)  (retrospective  method) 

V=A,+B-P^(1  +  a^n)  +  *^  +  *K'+' . 

-L'.r  +  n 

This  is  seen  to  be  identical  with  the  prospective  formula  thus  : 
substituting  {P]-  —  PL)  for  </),  we  have 

V-\      -PUl  +  a     )+(pSr-^*+(P^-P^+< 

-A                -plf^Mn         ^,^ll(^x  —  '^x+t)  —  '^x^x  +  PxJ\'^x+t 
—  ■Ax+n~-Lxt\i--Tax  +  ?iJ~r  =r ! 

-U.r+w 

-A      -Pl(l  +  n      ^J.Mg-Mjg+<-MJ  +  P^+< 

n-X  +  71         •ri(l1"'ttjr  +  BjT    =r 

-L'.r+tt 
_Mx+n-Mx+t        pi    f^x+n-^x+t\ 

I)  xt  v      D  y 

=  A,+n.T^-^/l +  «,+,. ^r^r). 

The  above  formula  (for  the  retrospective  method)  serves  to 
point  out  that  the  substitution  of  P]t   for  Pj  in  the  premium 

column  requires  a  compensating   correction  of  (P,.^j  —  ~P  rj)  fr^~ 

in  all  cases  where  a  terminable  premium  is  payable ;  in  other 
cases  (i.e.,  where  the  premium  is  payable  throughout  life)  no 
correction  is  of  course  required,  since  {x  +  t)  =  the  limiting  age  of 
the  table.  The  entry  of  the  compensating  correction-numerator 
(Pxi—Plx-t)Nx+t  on  the  cards  is  not  a  difficult  matter,  and  when 
that  is  once  done,  the  work  of  valuation  proceeds  as  easily  as  a 
net  premium  valuation. 

In  order  to  exemplify  the  use  of  the  method,  I  have  re-valued 
the  twelve  typical  policies  by  0M(5)  mortality,  valuing  the  same 
premiums  as  before.     The  twelve  cards  will  be  as  follows — 
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Transferring  the  particulars  to  our  schedule,  we  have — 
Current  Age  43.  0M  and  0Mr>)  2\  per-cent. 


Valuation — 


A43x      6,029  =  3,318-060 
1,000 


a 


x    84,917  =  2,927-163 


6,245223 
{l  +  ai3)  x  151-869  =  2,799-857 


Liability  £3,445-366 


1 
2 

3 

4 
5 
6 
7 
8 
9 

10 
11 
12 


£42-027 
117-444 
135-116 
20-132 
114-160 
436-491 
220-346 
572-915 
250-761 
781-968 
246-565 
507-470 

£3,445-395 


Sum 

Contingent 

Net  Prem 

I'M    AND 

N  1. 

Assured 

Sum 

Special  Loadlski 

Of 

Policy 

and 
Bonus 

Assured 
and  Bonus 

Additions 

Additions 

Positive 

Negative 

Positive 

Negative 

1 

124 

1/422 

2 

2,  k  | 

•400 

... 

3 

300 

7*292 

•306 

2,981 

115 

4 

400 

3912 

•3S0 

3,914 

5 

500 

1-000 

5,206 

6 

705 

25-842 

•342 

15,166 

121 

7 

700 

22-008 

•357 

6,873 

76 

8 

800 

1-600 

3,259 

267 

9 

900 

31-491 

24,117 

10 

1,000 

2-000 

22,320 

705 

11 

1,100 

... 

21-747 

2-284 

12 

1,200 

90 

47352 

•528 

20,737 

132 

6,029 

1,990 

161-066 

9-197 

95,453 

10,536 

Deduc 

t:      ... 

9-197 

10,536 

£6,029 

1,990 

151-869 

S4,917 

Independent    valuation    by   prospective    formulas    gives    the 
following  values — 

Policy  No.  Reserve  value 


As  before,  the  results  are  practically  identical. 
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Objections  and  Advantages. 

There  will  probably  at  once  occur  to  the  minds  of  those  who 
have  borne  with  me  thus  far,  the  objections 

(1)  that  this  method  does  not  provide  for   the    separate 

calculation  of  the  value  of  the  sum  assured  required 
under  the  5th  Schedule  of  the  "Life  Assurance 
Companies  Act,  1870";  and  that,  the  value  of  the 
sum  assured  not  being  ascertained,  there  is  no  means 
of  estimating  the  cost  of  allotting  a  reversionary 
bonus ; 

(2)  that  it  does  not  provide  for   the    calculation  of   the 

present  value  of  office  premiums,  also  required 
under  the  Act,  and  that  unless  the  present  values  of 
both  office  and  net  premiums,  be  calculated, 
the  present  value  of  future  loadings  cannot  be 
ascertained ;   and 

(3)  that  siugle  life  assurances  of   all  kinds  being  listed 

together,  separate  lists  would  have  to  be  prepared  in 
order  to  comply  with  the  requirements  of  the  Act 
under  Schedule  VI,  Q  2,  3,  4,  5  and  6. 

These  three  objections  are  alike  in  showing  that  the  Act 
of  1870  did  not  contemplate  a  retrospective  valuation ;  but 
I  submit  that  it  does  not  follow  from  that,  that  the  Retrospective 
Method  is  either  unsuitable  or  undesirable ;  on  the  contrary,  I  am 
inclined  to  regard  it  as  simple,  quick,  and  convenient. 

The  Schedules  to  the  Act  are  not  like  the  laws  of  the  Medes 
and  Persians  that  may  not  be  changed,  for  Section  9  of  the  Act 
reads  as  follows — 

"  The  Board  of  Trade,  upon  the  application  or  with  the 
"  consent  of  a  company,  may  alter  the  forms  contained  in 
"  the  Schedules  to  this  Act,  for  the  purpose  of  adapting  them 
"  to  the  circumstances  of  such  company,  or  of  better  carrying 
"  into  effect  the  objects  of  this  Act ",  and  I  think  it  unlikely 
that  the  Board  would  object  to  adapt  the  Schedules  to  suit  the 
Retrospective  Method,  when  once  they  were  satisfied  that  the 
operation  of  that  method  was  reliable,  and  the  resulting  liability 
identical  with  that  produced  by  the  use  of  the  Prospective 
Method. 
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But  even  if  the  Board  of  Trade  were  to  insist  on  having  a 
statement  of  the  value  of  the  sums  assured  and  bonuses,  and  of 
the  office  and  net  yearly  premiums,  it  is  by  no  means  impossible 
to  produce  them.  It  will  have  been  noticed  that  on  the  sample 
cards,  and  on  the  sample  policy-list,  space  is  left  for 
"  Correction-Numerator  for  Bonus  Estimate."  In  order  to 
estimate  the  cost  of  allotting  a  reversionary  bonus,  it  is  necessary 
to  know  the  present  value  of  the  sums  assured  and  bonus  additions 
of  participating  policies ;  the  Retrospective  Method  does  not  give 
this  in  the  cases  of  policies  subject  to  premium  payments,  and  to 
obtain  it,  it  is  necessary  to  value  these  policies  as  if  they  were 
paid-up,  i.e.,  to  schedule  the  value  of  SK  (the  sum  assured 
multiplied  by  the  correction-numerator  for  paid-up  assurance) ; 
as,  however,  K  is  constant  throughout  the  duration  of  a  policy, 
this  work  is  very  readily  performed.  The  values  of  the  sums 
assured  and  bonus  additions  having  been  thus  ascertained,  the 
deductions  from  them  of  the  liability  will  give  the  value  of  the 
premiums,  including  any  special  loadings,  reductions  and 
additions;  in  other  words,  the  value  of  those  premiums  which  are 
applicable  to  the  risks.  The  value  of  the  office  premiums  can  of 
course  be  ascertained  by  the  use  of  formula  (C),  the  loading  /being 
the  difference  between  the  office  premium  and  the  theoretical,  or 
original  net  premium. 

Provision  is  made  in  the  Schedule  as  required  by  the  Act, 
for  listing  the  office  premiums,  and  therefore  the  total  yearly  office 
premiums  and  the  total  yearly  net  premiums  can  be  compared, 
and  the  yearly  loading  ascertained.  The  calculation  of  the  value 
of  the  office  yearly  premiums  does  not  seem  to  me  to  serve  any 
useful  purpose,  and  I  very  much  doubt  if  the  Board  of  Trade 
would  insist  upon  it.  The  amount  available  for  expenses 
is  the  loading  reserved,  and  as  long  as  the  amount  of  this 
loading  could  be  readily  seen,  or  ascertained,  and  compared 
with  the  actual  expenses,  the  purpose  for  which  this  item  was 
included  in  the  Fifth  Schedule  to  the  Act  would,  I  think, 
be  served,  and  the  Board  of  Trade  would,  I  anticipate,  be 
satisfied.  I  know  that  many  Companies  mention,  in  their 
valuation  reports,  the  value  of  future  loadings  \  it  is  a  big 
figure  and  looks  imposing,  but  I  am  afraid  it  conveys  very 
little  real  information  to  the  public,  for  whose  edification 
it  is  no  doubt  intended;  the  actual  annual  expenditure 
compared  with  the  amount  available  seems  to  me  far  more 
convincing,    and  I  think  it  even  preferable  to  the   percentages 
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of  these   amounts,  which    many  Companies   quote ;    the  public 
would,  I  have  no  doubt,  find  it  more  intelligible. 

The  Act  of  1870  followed  soon  after  the  disastrous  failures  of 
the  Albert  and  European  Offices,  and  the  statements  required 
under  the  Sixth  Schedule  were  no  doubt  the  outcome  of  those 
failures  and  intended  to  enable  an  independent  valuation  to  be 
made  of  a  Company's  liabilities.  In  1870,  life  assurance  business 
consisted  almost  entirely  of  whole-life  contracts,  and  therefore  the 
Statements  2  and  3  were  of  practical  value  and  effect;  but  now 
that  "  other  classes  of  assurance  "  bear  so  large  a  proportion  to 
the  total  business,  that  value  has  ceased  to  exist ;  a  statement  of 
single  life  contracts,  such  as  the  retrospective  valuation  schedules 
would  produce,  would  give  now,  I  suggest,  a  better  view  of  a 
Company's  business,  and  would  include  about  the  same  proportion 
of  policies,  as,  in  1870,  whole-life  assurances  bore  to  the  total. 
For  this  reason,  I  think  it  unlikely  that  the  Board  of  Trade  would 
object  to  the  substitution  of  statements  of  single  life  assurances 
for  whole-life  assurances. 

Turning  now  to  some  of  the  advantages  of  the  method,  I  have 
already  drawn  attention  to  the  great  convenience  of  being  able  to 
group  together  policies  of  different  descriptions,  maturing  or 
terminating  at  various  dates  (or  ages)  and  either  paid  up,  or 
subject  to  premiums  which  may,  or  need  not,  continue  throughout 
the  duration  of  the  assurance,  and  I  have  pointed  out  that  the  net 
premium  is  in  every  case  the  measure  of  the  risk;  it  is  the 
governing  factor  of  the  Retrospective  Method  of  valuation. 

I  have  also  pointed  out  the  readiness  with  which  the  method 
may  be  adapted  to  circumstances,  by  showing  its  application  to  a 
valuation  using  a  loaded  premium,  and  thus  to  valuation  by 
mixed  tables  of  mortality ;  it  is  therefore  unnecessary  to  dwell 
upon  these  advantages,  and  I  will  pass  at  once  to  another  which 
may  possibly  be  thought  of  interest,  even  though  it  may  not  be 
generally  regarded  as  of  great  practical  importance.  I  refer 
to  the  suitability  of  the  method  for  the  valuation  of  benefits 
payable  (or  terminable)  at  fractional  ages. 

These  commonly  arise  under  certain  methods  of  bonus 
application,  the  most  usual  being  the  somewhat  troublesome 
application  of  a  bonus  (either  cash  or  reversionary) — 

(1)   To  make  the  sum  assured  under  a  whole-life  policy 
payable  in  lifetime,  and 


60  On  the  Retrospective  Method  of  Valuation.  [Jan. 

(2)  To  reduce  the  endowment  age  under  an  endowment 
assurance. 

Simple  formula;  for  obtaining  the  new  endowment  age  may  be 
derived  from  the  new  formulae;  thus — 

(1)  Let  C  be  the  cash  bonus  to  be  applied  to  convert  a 

whole-life  policy  effected  at  age  x,  n  years  in  force, 
into  an  endowment  assurance.  Writing  x  +  t  for  the 
endowment  age  to  be  found,  we  have — 

C  +  Ax+n-7rx(l  +  ax+n)=Ax,n-(?xT-f)(l  +  ax+n)  +  krl~{^x+t 

-L'.r+rt 

The  right-hand  side  of  the  equation  consists  of  the  value  of 
the  Endowment  Assurance  Policy ;  the  premium  payable  is  ttx 
and  the  theoretical  premium  is  therefore  reduced  by  /,  which  is 
(Pj-Ti  —  ttx).  The  formula  is  derived  by  combining  formulae 
(A)and(C). 

Writing  (Px7  —  ttx)  for  /,  and  omitting  terms  which  cancel 
each  other,  we  have — 

W~     ~         ' 

.      rT)       _fMx+dNx+t     Mx\w      w 

=Mx+mx+t-Mx+^§^-t 

_Nx+t{dl$x-dl$x  +  J).r) 
™* 

.-.  CDx+n(l+aj)=^x+t, 

enabling  the  new  endowrment  age  to  be  obtained  by  inspection  of 
a  column  of  1^. 

In  the  same  way  at  a  subsequent  declaration  of  bonus — 

(2)  Let  2C  be  the  cash  bonus  to  be  applied  to  reduce  the 

endowment  age.  Let  (x  +  m)  be  the  new  valuation 
age,  and  (x  +  r)  the  new  endowment  age  to  be 
found. 
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Then— 

-L'x  +  zjj 

—  A,+w  +  7rxi  1  +  ax+m) =pr 

.-.    *CI)x+vt=(Vx7-Trx)(Ex-l$x+r)-(Pxi-7rx;  17,-17,+,) 

-\t    •per  AT   "M" 

--  .      -tl/-L!  r  +  r  j-tsr  -U,  ^  :  r  +  t 

=  dmx+r-\ ^ amx+t =^— 

S^A      ?7,+,Dx 


.-.    2CDx+m(l  +  ^)  =  ^+r-lT,+, 

2CD,+)/l  +  tf,)  +  H,+,=^,+r, 

(j?  +  0  being  already  known,  (#-f-r)  maybe  obtained  by  inspection 
of  a  column  of  x7x  as  before. 

"When  the  bonus  is  reversionary,  the  substitution  of  BA,+n 
for  C  and  2BA,  +  „8  for  2C  will  give 

BM,+n(l  +ax)  =  Kx+t, 

and  2BM,+Hi(l  +  fl,)  +  IT,.+,  =  I7J+,. 

It  has  always,  I  think,  been  felt  to  be  a  difficulty  with  this 
class  of  policy  that  the  bonus  rarely  brought  the  new  endowment 
date  to  an  anniversary  of  the  date  of  entry,  and  therefore  it  was 
necessary  to  deal  with  a  fractional  endowment  age;  a  further 
inconvenience  of  this  system  of  bonus  allotment  was  the  necessity 
of  transferring  the  policies  to  the  policy  lists  for  their  new 
endowment  ages.  Both  these  troubles  disappear  by  the  use  of 
the  new  formulae;  the  only  new  quantity  we  require  for  the 
valuation  card  is  f$x+t  and  from  it  we  can  readily  derive  our  new 
kxj  and/IT,.+,,  i.e.,  the  corrections  of  formulae  (A)  and  (C) ;  it  is 
not  necessary  that  this  f$x+t  should  be  the  number  appearing 
opposite  an  age  in  our  table,  but  the  exact  value  of  CDx+n(l  +  ax) 
can  be  used,  and  the  resulting  endowment  assurance  premium 
(which  may  be  conveniently  obtained  by  the  use  of  the  formula 

Txj=  -^r — ■fvr'x+<)    and    policy- value    will    be   correct   for   the 

fractional  age  (x  +  t);  the  formula  assumes  that  a  proportionate 
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premium  will  be  payable  in  the  final  (fractional)  year  of  assurance. 
As  there  is  only  one  policy-list  for  all  policies  of  the  same  current 
age,  no  question  of  transferring  the  entry  because  of  a  change  of 
endowment  maturity  age  can  arise. 

This  circumstance,  that  there  need  be  only  one  policy-list  for 
each  current  age,  is  the  advantage  of  the  Retrospective  Method  of 
valuation,  and  its  practical  convenience  can  hardly,  I  submit,  be 
over-estimated.  To  decrease  the  number  of  groups  of  policies  to 
be  valued  is  to  decrease  the  work  of  valuation,  and  I  therefore 
venture   to    suggest   the    use   of    the  Retrospective   Method  for 

(1)  annual  valuations,  and 

(2)  valuations  by  select  tables  of  mortality. 

This  latter  is,  I  suppose,  the  ideal  valuation,  but  the  labour 
involved  in  the  use  of  select  tables  is  so  great  that  hitherto  I 
have  not  heard  of  their  being  employed  for  the  purpose  of  an  office 
valuation.  If,  however,  the  great  bulk  of  the  policies  of  an  office 
can  be  grouped  together,  according  to  current  ages,  the  work  is  so 
greatly  decreased  that  it  should  not  be  impossible  to  apply  this 
test  of  valuation  by  select  tables;  a  test  which  would  be  the  nearest 
approach  to  scientific  accuracy  yet  applied,  and  which,  I  think, 
would  be  generally  more  satisfactory  to  the  actuarial  profession 
than  that  hitherto  adopted — the  mis-named  "net"  premium 
valuation  by  combined  tables  of  mortality,  IP1  and  HM:,),  or 
0M  and  0M(5).  

ADDENDUM. 
Increasing  and  Decreasing  Premiums. 
It  has  been  pointed  out  to  me  that  I  have  not  referred  to  the 
valuation  of  policies  subject  to  increasing  and  decreasing 
premiums.  To  these  cases  formula  (A)  applies  during  the  time 
of  payment  of  the  commencing  rate  of  premium,  and,  on  a  change 
in  the  rate  occurring,  the  difference  in  the  premium  is  accumulated 
from  the  time  of  its  commencement  (not  from  entry)  as  a  positive, 
or  negative,  additional  reserve,  formula  (C)  being  used  for  this 
purpose. 

For  example,  a  \Yhole-Life  Policy  is  effected  at  age  x  at  an 
annual  premium  of — 

P^  for  the  first  m  years, 
Pj.  +  r  from  the  (m+  l)th  to  the  nth  year, 
Px— s  from  the  (n  +  l)th  to  the  qih  year, 
after  which  the  premium  ceases. 


1905.]         On  the  Retrospective  Method  of  Valuation.  63 

(1)  The  value  /years  after  entry,  t  being  less  than  m  will  be 

,V'x  =  Ax+,-Px(l  +  ax+f)  +  T^. 

^x+! 

Substituting  in  kx  for  irj&x  its  value  in  terms  of  Px,  r,  and  s, 
i.e.,  ~Px^x  +  r^x+m  —  (r  +  s)^x+n  —  (Px— s)Nx  qi  this  formula  may 
be  reduced  to  the  prospective  formula — 

t^    x  —  ^x+t~ -1  x(l  ~t~ax+t.q-t-l  ) 

r  x  ;/i-/-l  ?-?-lQj+.'+  ('*  +  *)  x  n-t-\\q-t-lax+f 

(2)  The  value  ?(;  years  after  entry,  w  being  greater  than  m 
and  less  than  n  will  be 

BV',=4rt.w-(Px+r)(l+ax+w)+^±f?^. 

By  substituting  for  7rxI:Tx  as  before,  this  formula  may  be  reduced 
to  the  prospective  formula 

W»    *==-™*+M        l^x   '    r)  V-*-    '    ax+icq— ic— 1  J    '    V     i   *)  h— ;r— 1   }-><-— lflx+»  • 

(3)  The  value  g  years  after  entry,  2  being  greater  than  n  and 
less  than  q,  will  be 

T'x=Ax+,-(Px-,)(l  +  ax+z)+  fc  +  r^-fr-')^ 

-L'j-i-r 

By  substituting  for  ttx^M"x  as  before,  this  formula  may  be  reduced 
to  the  prospective  formula 

X'x  =  \^:-(Px-s){l  +  ax+:—1). 

Hence  it  will  be  seen  that  policies  subject  to  increasing 
or  decreasing  premiums  may,  if  the  retrospective  formula  be  used, 
be  grouped  according  to  the  nearest  ages  at  valuation,  whatever 
the  number  of  changes  in  the  premiums,  or  whatever  the  ages  at 
which  those  changes  take  effect,  and  that,  if  desired,  they  may  be 
included  in  groups  of,  and  valued  with,  other  single-life  policies. 

*  Since  this  Paper  was  in  type,  my  attention  has  been  directed  to  a  Paper 
by  Mr.  Win.  D.  Whiting,  published  in  the  Transactions  of  the  Actuarial 
Society  of  America,  ~So.  12,  p.  427,  and  referred  to  by  Mr.  Todhunter  {J. I. A., 
vol.  xxsv,  p.  18),  also  to  letters  addressed  to  the  Editor  of  the  J.IA..  by 
Mr.  Julius  Altenburger,  and  published  in  the  J. LA.,  vol.  xxxiv,  p.  150,  and 
vol.  xxxv,  p.  332.  I  had  not  previously  seen  Mr.  Whiting's  Paper,  or  probably  I 
should  not  have  offered  this  Paper  to  the  Institute,  and  I  am  afraid  I  must 
confess  that  Mr.  Altenburger's  letters  had  escaped  my  attention. 

The  formula?  given  by  both  these  writers  are  virtually,  or  actually,  reproduced 
by  me,  but  in  order  that  I  may  not  be  open  to  any  possible  charge  of  plagiarism, 
I  desire  to  state  categorically  that  I  do  not  claim  to  have  produced  any  new 
formulae;  I  have  merely  drawn  attention  to  a  convenient,  and,  as  it  proves,  not 
original,  re-arrangemeut  of  what  Mr.  Whiting  describes  as  "  Perhaps  one  of  the 
most  general  and  comprehensive  formula?,  for  grouped  valuations,  as  well  as  the 
oldest." 
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0M     2h  per-cent.  Log  & 

Log  of  Coeeection-Numebatoe  for 

WHOLE-LIFE  ASSURANCE  by  LIMITED  PAYMENTS. 


Number  of  Payments 

Age 
at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

4-62439 

4-37930 

4-17707 

3-99245 

3-81209 

20 

21 

•61316 

•36679 

•16292 

•97615 

•79290 

21 

22 

•60167 

•35396 

•14837 

•95932 

•77302 

22 

23 

•58992 

•34081 

•13311 

•94196 

•75244 

23 

24 

•57788 

•32731 

•11799 

•92401 

•73108 

24 

25 

•56551 

•31341 

•10210 

•90544 

•70888 

25 

26 

•55284 

•29912 

•08570 

•88620 

•68580 

26 

27 

•53982 

•28441 

•06875 

•86627 

•66178 

27 

28 

•52641 

•26923 

•05123 

•84557 

•63674 

28 

29 

•51263 

•25357 

•03308 

•82407 

•61062 

29 

30 

•49842 

•23742 

•01430 

•80172 

•58337 

30 

31 

•48379 

•22071 

3-99481 

•77846 

•554S7 

31 

32 

•46872 

•20346 

•97462 

•75427 

•52510 

32 

33 

•45317 

•18561 

•95367 

•72906 

•49394 

33 

34 

•13713 

•16714 

•93191 

•70277 

•46131 

34 

35 

•42059 

•14801 

•90933 

•67539 

•42713 

35 

36 

•40350 

•12822 

•88583 

•64677 

•39126 

36 

37 

•38585 

•10771 

•86142 

•61690 

•35363 

37 

38 

•36761 

•08645 

•83601 

•58568 

•31409 

38 

39 

•34876 

•06442 

•80956 

•55303 

•27252 

39 

40 

•32927 

•04154 

•78202 

•51887 

•22877 

40 

41 

•30910 

•017S0 

•75330 

•48308 

•18268 

41 

42 

•28821 

3-99314 

•72334 

•41556 

•13408 

42 

43 

•26658 

•96749 

•69206 

•40617 

•03275 

43 

41 

•24415 

•94082 

•65938 

•36480 

•02850 

41 

45 

•220S9 

•91305 

•62521 

•32129 

2-97108 

45 

46 

•19674 

•88412 

•58944 

•27550 

46 

47 

•17165 

•85394 

•55195 

•22722 

47 

48 

•14556 

•82244 

•51262 

•17627 

48 

49 

•11842 

•78955 

•47134 

•12246 

49 

50 

•09015 

•75515 

•42794 

•06551 

50 

51 

•06066 

•71912 

•38226 

51 

52 

•02989 

•68138 

•33413 

52 

53 

3-99777 

•64180 

•28334 

53 

54 

•96418 

•60023 

•22971 

54 

55 

•92905 

•55654 

•17298 

55 

56 

•89225 

•51057 

... 

56 

57 

•85369 

•46214 

57 

58 

•81321 

•41105 

58 

59 

•77068 

•35709 

59 

60 

•72598 

•30005 

60 

61 

•67893 

61 

62 

•62936 

62 

63 

•57708 

63 

61 

•52186 

64 

65 

•46351 

65 
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65 
1000 


COEEECTIOy-XuMEEATOE  for 

WHOLE-LIFE  ASSURANCE  by  LIMITED  PAYMENTS 

DIVIDED    BY    1000. 


Number  of  Payments 

Age 
at 

Age 
at 

Entry 

10 

15 

-" 

25 

30 

Entry 

20 

42110 

23950 

15034 

9-8277 

6-4877 

20 

21 

41-036 

23-27" 

14552 

9-4656 

6-2073 

21 

22 

39964 

22  5  - 

11-'  72 

91058 

59295 

22 

23 

38-897 

21918 

13596 

8-7490 

5'6551 

23 

24 

37-834 

21-248 

13122 

83948 

5-3S37 

24 

25 

36771 

20-578 

12-650 

8-0434 

5-1154 

25 

26 

35714 

19912 

12181 

7-6948 

4-8507 

26 

27 

34-659 

19249 

11-715 

7-3497 

45897 

27 

28 

33-605 

18-588 

11-252 

7-0076 

4-3325 

28 

29 

32556 

17930 

10-791 

6-6691 

40796 

29 

30 

31-508 

17275 

10335 

6-3346 

3-8315 

30 

31 

30-464 

16623 

98812 

60043 

3-5881 

31 

32 

29425 

15-976 

9-4324 

5-6790 

3-3504 

32 

33 

28390 

15332 

89881 

53587 

3-1185 

33 

34 

27361 

14-694 

85489 

50439 

2-8927 

34 

35 

26338 

14-062 

81158 

47358 

2-6738 

35 

36 

25322 

13-434 

7-6883 

41337 

2-4618 

36 

37 

24-314 

12-815 

72681 

41390 

2-2575 

37 

38 

23-314 

12  203 

6-8550 

38519 

2-0611 

38 

39 

22323 

11-599 

6-4500 

35730 

1-8729 

39 

40 

21-344 

11-004 

6-0537 

3-3027 

1-6934 

40 

•11 

20-375 

10418 

56663 

3-0414 

1-5229 

41 

42 

19-418 

98433 

5-28S6 

2-7S97 

1-3617 

42 

43 

18-475 

9-2788 

49211 

2-5478 

1-2099 

43 

41 

17-545 

8-7261 

4-50 1 1 

2-3163 

1-0678 

44 

45 

16630 

8-1856 

4-21'.  0 

20955 

■93558 

45 

46 

15730 

76581 

3"88a  1 

1-8858 

46 

47 

14-847 

71440 

3-5641 

1-6S74 

47 

48 

13982 

6-6442 

3-2555 

1-5006 

48 

49 

13-135 

61596 

2-9603 

1-3257 

49 

50 

12-307 

5-6905 

2-6788 

1-1628 

50 

51 

11-499 

5-2375 

24113 

51 

52 

10-712 

48015 

2-1584 

... 

52 

53 

99488 

43833 

1-9202 

53 

54 

9-2083 

3-9832 

1-6971 

::: 

51 

55 

8-4928 

36020 

1-4893 

55 

56 

7-8028 

3-2402 

56 

57 

7-1399 

2-8983 

57 

58 

6-5014 

2'5766 

58 

59 

5-S977 

2-2756 

59 

60 

5-3208 

1-9955 

... 

60 

61 

4' 7  745 

61 

62 

4-2595 

'.'.'. 

62 

63 

3-7764 

63 

64 

3-3255 

... 

... 

64 

65 

2-9074 

... 

65 

- 
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0M     2|  per-cent.  Log  tka 

Log  of  Correction-Numerator  for 

WHOLE-LIFE  ASSURANCE  by  LIMITED  PAYMENTS. 


Number  of  Payments 

I  Age 

Age 
at 

at 

Entry 

10 

i 

15 

20 

25 

30 

Entry 

20 

4-54207 

4-29537 

409143    3 

90486    3 

72257 

20 

21 

•53068 

2*270 

•07712 

88818 

70323 

21 

22 

•51906 

•26974 

•06243 

87152 

68321 

22 

23 

-50716 

•256  15 

■1 14733 

85403 

66248 

23 

24 

•49498 

•24280 

03178 

83593 

64U96 

24 

25 

•48248 

•22878 

•01575 

SI  722 

61861 

25 

26 

•46966 

•21435 

3-99921 

79784 

59536 

26 

27 

•45649 

•19951 

•98212 

77776 

57118 

27 

28 

•41295 

•18418 

•96  in; 

75690 

54597 

28 

29 

•42903 

•16841 

•94618 

73527 

51969 

29 

30 

•41469 

•15211 

•92725 

71276 

49223 

30 

31 

•39992 

•13526 

•90762 

68934 

46356 

31 

32 

•38470 

•11785 

•8S728 

66498 

43359 

32 

33 

•36900 

•09986 

•86617 

63959 

40221 

33 

34 

•35283 

•08125 

•84427 

61313 

36938 

34 

35 

•33614 

•06198 

•82151 

58554 

33498 

35 

36 

•31891 

•04204 

•79786 

55675 

29889 

36 

37 

•30109 

■02137 

•77327 

52668 

26100 

37 

38 

•28272 

3-99996 

•74769 

49525 

22122 

38 

39 

•26371 

•97777 

•72107 

46240 

17938 

39 

40 

•24407 

•95473 

•69333 

42801 

13536 

40 

41 

•22375 

•93082 

•66442 

39199 

08899 

41 

42 

•20271 

•90599 

•63428 

35423 

04008 

42 

43 

•18093 

•88018 

•60280 

31461    2 

■98845 

43 

44 

•15835 

•85333 

•56992 

27298 

93387 

44 

45 

•13492 

•82538 

•53553 

22921 

•87612 

45 

46 

•11062 

•79627 

•49954 

18315 

46 

47 

•08536 

•76591 

•46182 

13457 

47 

48 

•05910 

•73421 

•42227 

•08333 

48 

49 

•03178 

•70111 

•38072 

•02918 

49 

50 

•00331 

•66649 

•33706    2 

•97191 

„ 

50 

51 

397363 

•63024 

•29110 

51 

52 

•94268 

•59226 

•24267 

52 

53 

•91034 

•55244 

•19159 

.;; 

53 

54 

•87655 

•51062 

•13762 

... 

54 

55 

•84119 

•46666 

•OS056 

55 

56 

•80414 

•42039 

56 

57 

•76532 

•37165 

57 

58 

•72459 

•32026 

58 

59 

•68180 

•26596 

59 

60 

•63680 

•20857 

60 

61 

•58946 

61 

62 

•53956 

62 

63 

•48694 

63 

64 

•43136 

64 

65 

•37264 

: 

i 

65 
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1000 


CoEEECTioy-NrMERATOE  for 
WHOLE-LIFE  ASSUKAXCE  bt  LIMITED  PAYMENTS 

DITIDED    BT    1000. 


Xir.nber  of  Payments 

Age 
at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

34-839 

19-711 

12-343 

8-0313 

5-2792 

20 

21 

33-938 

19-173 

11-943 

7-7354 

50193 

21 

22 

33042 

18-610 

11-546 

7-4391 

4-8218 

22 

23 

32-148 

18-019 

11-151 

7-1455 

4-5971 

23 

24 

31259 

17490 

10-759 

68538 

4-371S 

21 

25 

30372 

16-935 

10369 

65648 

4-1551 

25 

2G 

29-4VJ 

16-381 

9-9818 

6-2783 

3-9388 

26 

27 

28-608 

15-831 

9-5967 

5-9946 

3'7255 

27 

28 

27-730 

15-2s2 

9-2143 

5-7135 

3'5154 

2S 

29 

26-855 

14-737 

8-8345 

5-4359 

3-3089 

29 

30 

25-983 

14-191 

S-4577 

51613 

3-1062 

30 

31 

25114 

13-654 

8-0839 

4-8904 

2-9078 

31 

32 

24249 

13-117 

77140 

4-6236 

2-7139 

32 

33 

23-388 

12o>5 

7-3480 

4-3610 

2-5247 

33 

31 

22-534 

12-057 

6-9867 

4-1033 

2-3409 

31 

35 

21-684 

11-534 

6-6299 

3-8507 

2-1626 

35 

36 

20-S41 

11-016 

6-2786 

3-6037 

1-9902 

36 

37 

20-003 

10-504 

59329 

3-3626 

1-8239 

37 

38 

19-174 

9-9991 

55936 

3-1279 

1-6643 

38 

39 

1S-353 

9-5010 

52610 

2-9000 

1-5114 

39 

40 

17-542 

9-0101 

4-9355 

2-6792 

1-3657 

40 

41 

16-710 

8-527-J 

46176 

2-4660 

1-2274 

41  I 

42 

15948 

8-0536 

4-3080 

2-2606 

1-0967 

42 

43 

15-168 

7-5889 

4-0068 

2-0635 

•97376 

43 

41 

14-400 

71339 

3-7147 

1-8749 

•S5876 

44 

45 

13-613 

6-6893 

3-4319 

1-6952 

•75183 

45  ; 

46 

12-901 

6-2556 

3-1589 

1-5246 

46 

47 

12-172 

5-8332 

2-8961 

1-3632 

47 

48 

11-458 

5-4226 

26441 

1-2115 

48 

49 

10-759 

5-0217 

2-4028 

10695 

49 

50 

10-077 

4-6397 

2-1730 

•93737 

50  ; 

51 

9-4109 

4-2682 

1-9548 

51 

52 

8-7635 

3-9107 

1-7485 

52  | 

53 

8-1347 

3-5681 

1-5545 

,, 

53 

54 

7-5258 

3-2406 

1-372S 

.. 

54 

55 

69373 

2-9286 

1-2038 

,4 

55 

56 

6-3700 

2-6326 

56 

57 

5-8253 

2-3532 

57 

58 

5-3038 

2-0905 

58 

59 

4-8062 

1-8448 

... 

59 

60 

4-3331 

1-6165 

,, 

60  ! 

61 

3-8856 

... 

„ 

61  ! 

62 

34639 

., 

62  ) 

63 

3-0686 

63 

64 

2-7000 

64  | 

65 

2-3585 

65  i 

r  •,' 


68 


On  the  Retrospective  Method  of  Valuation.  [Jan. 


0M     3  per-cent.  Log  tkx 

Log  op  Correction-Numerator  for 

WHOLE-LIFE  ASSURANCE  by  LIMITED  PAYMENTS. 


Number  of  Payments 

Age 
at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

1-46118 

4-21279    4( 

X)702    84 

1860    3 

G3413 

20 

21 

•44961 

•19993    3" 

39253     -J 

0195 

G14G0 

21 

22 

•43779 

•18679     ■! 

37767     •; 

8482 

59440 

22 

23 

•12573 

•17333     ■! 

)6240     •/ 

6715 

57348 

23 

24 

•41335 

•15950 

3466S     ■', 

'4888 

55177 

24 

25 

•40069 

•14532 

33048     •/ 

2999 

52924 

25 

26 

•38770 

•13072     •« 

31378     •) 

1045 

50581 

26 

27 

•37436 

•11571 

59653     -6 

.9019 

4S143 

27 

28 

•36064 

•10022     •( 

57869     •( 

>691G 

45602 

28 

29 

•34654 

•08427     •) 

56023     -i 

14733 

12D54 

29 

30 

■33204 

•06779     •( 

54113     ■(. 

.2463 

40188 

30 

31 

•31708 

•05078 

52133     •£ 

0102 

37299 

31 

32 

•30170 

•03321     •! 

50081     •? 

7647 

34279 

32 

33 

•28583 

•01504 

F7951     -c 

5088 

31120 

33 

34 

•26947 

3-99624 

75741     c 

2422 

27812 

34 

35 

•25261 

•97681 

73448     -4 

t9644 

24348 

35 

36 

•23519 

•95667 

71063     -4 

6742 

20713 

36 

37 

•21722 

•93583 

38585     -4 

3712 

16898 

37 

38 

•19866 

•91423 

360J7     -4 

0547 

12892 

38 

39 

•17949 

•89186     •! 

33326     -c 

7239 

08682 

39 

40 

•15966 

•86863     •( 

30531     -c 

3776 

04249 

40 

41 

•13917 

•84454 

57621     -i 

0150    2 

99582 

41 

42 

•11796 

•81953 

54584     -S 

6348 

94661 

42 

43 

•09599 

•79352 

51415     -2 

2360 

89464 

43 

44 

07323 

•76648 

18104     -1 

8169 

83972 

44 

45 

•04963 

•73S34 

14642     -1 

3764 

78162 

45 

46 

•02513 

•70902 

11019     -C 

9127 

46 

47 

399968 

•67843     •: 

$7221     -C 

>4240 

47 

48 

•97323 

•64653     •; 

$3240    2-£ 

9083 

48 

49 

•94571 

•61320     -i 

29059     -2 

3635 

49 

50 

•91706 

•57836     ', 

24665     -S 

7872 

50 

51 

•88717 

•54187    •: 

20039 

51 

52 

•85598 

•50364     •] 

L5166 

52 

53 

•82344 

•46355     '] 

L0025 

53 

54 

•78941 

•42146     •( 

)4596 

54 

55 

•75381 

•37721    2? 

38853 

55 

56 

•71652 

•33065 

56 

57 

•67743 

•23160 

57 

58 

•63642 

•22986 

58 

59 

■&Q334 

•17523 

59 

60 

•54S04 

•11746 

60 

61 

•50037 

61 

62 

•45015 

62 

63 

•39716 

63 

64 

•34123 

64 

65 

•28210 

... 

... 

65 

1905.]        On  the  Retrospective  Method  of  Valuation. 
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0M     3  per-cent. 


At 

Km.  i 

CORRECTIO>*-XrMERA.TOR  for 

WHOLE-LIFE  ASSUBANCE  by  LIMITED  PAYMENTS 

DIVIDED    BT    1000. 


Number  of  Payments 

A.-V 
at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

2S919 

16323 

10-163 

65S57 

4-3066 

20 

21 

28-159 

15-S46 

9-8295 

6-3380 

4-1172 

21 

22 

27  402 

15-374 

9-4988 

6-0928 

3-9301 

22 

23 

26-652 

14905 

91706 

5-8499 

3-7452 

23 

24 

25903 

14-438 

8-8446 

5-6089 

3-5626 

24 

25 

25159 

13974 

8-5208 

5-3702 

3-3525 

25 

26 

24-417 

13-512 

81994 

51339 

3-2049 

26 

27 

23-679 

13053 

7^S01 

4-8999 

3-0299 

27 

28 

22942 

12-596 

7-5629 

4-6683 

2-8577 

23 

29 

22210 

12-141 

7-2432 

4-4395 

2-6887 

29 

30 

21-4S0 

11-689 

69363 

4-2134 

2-5228 

30 

31 

20753 

11-240 

66272 

3-9904 

2-3604 

31 

32 

20031 

10-795 

6-3214 

37711 

2-2019 

32 

33 

19-312 

10-352 

6-0188 

3-5553 

2-0474 

33 

34 

18-598 

99138 

5-7202 

3-3436 

1-8972 

34 

35 

17-S90 

94800 

54260 

3-1365 

1-7518 

35 

36 

17-187 

90501 

51361 

2-9337 

1-6111 

36 

37 

16-490 

86264 

4-8512 

2-7360 

1-4756 

37 

38 

15800 

8-2079 

4-5716 

2-5437 

1-3456 

38 

39 

1511S 

7-7958 

4-2979 

23572 

1-2213 

39 

40 

14-443 

7-3898 

4-0300 

21765 

1-1028 

40 

41 

13777 

6-9910 

3-7689 

20022 

•99042 

41 

42 

13121 

6-5998 

3-5143 

1-8343 

•88432 

42 

43 

12-474 

62161 

3-2670 

1-6734 

•78459 

43 

44 

11-837 

5-S409 

3-0272 

1-5195 

•69139 

44 

45 

11-211 

5-4744 

27952 

1-3729 

•604S1 

45 

46 

10-596 

51171 

2-5715 

1-2339 

... 

46 

47 

9-9926 

47690 

2-3562 

11026 

47 

48 

9-4022 

4-4313 

2-1498 

•97911 

48 

49 

8-8249 

41039 

1-9525 

•86367 

49 

50 

8-2615 

3-7876 

1-7646 

'7i 

>635 

50 

51 

77121 

3-4823 

1-5863 

51 

52 

7-1776 

3-1889 

1-4179 

52 

53 

6-6595 

2-9077 

1-2597 

53 

54 

6-1576 

26391 

1-1116 

54 

55 

5-6730 

2-3835 

•97394 

•  ■ 

55 

56 

5-2062 

21412 

56 

57 

47581 

1-9125 

57 

58 

43293 

1-6977 

58 

59 

39205 

1-4970 

59 

60 

35322 

1-3106 

60 

61 

3-1650 

61 

62 

2-8194 

62 

63 

2-4955 

63 

64 

21940 

64 

65 

1-9147 

... 

65 

ro 


On  the  Retrospective  Method  of  Valuation 


[Jan. 


0M     Sh  per-cent.  Log^k, 

LOO    OF   CoitBECTION-NuMEItATOH.  for 

WHOLE-LIFE  ASSURANCE  uy  LIMITED  PAYMENTS. 


Number  of  Payments 

Age 

Age 

at 

at 

Entry 

10 

15 

20 

25 

30 

Entry 

20    4 

30368 

4-05165 

3-81201 

364943 

3-46019 

20 

21 

29162 

•03832 

•82705 

•63231 

•44018 

21 

22 

27933 

•02 172 

•81174 

•61473 

•41982 

22 

23 

26680 

•01080 

•79602 

•59660 

•39s  1 1 

23 

24 

25396 

3-99653 

•77985 

•57789 

•37627 

24 

25 

24083 

•98189 

•76322 

•55855 

•35326 

25 

26 

22739 

•96686 

•74607 

•53857 

•32937 

26 

27 

21361 

•95]41 

•72840 

•51787 

•30452 

27 

28 

19913 

•93549 

•71010 

•49638 

•27861 

28 

29 

18491 

•91910 

•69122 

•47410 

•25165 

29 

30 

16994 

•90219 

•67166 

•45094 

•22319 

30 

31 

15455 

•88473 

•65143 

•42687 

•19108 

31 

32 

13872 

•86672 

•63016 

•40184 

•16336 

32 

33 

12241 

•84810 

•60872 

•37577 

•13124 

33 

34 

10561 

•82887 

•58617 

•34862 

•09761 

31 

35 

08831 

•80899 

•56276 

•32033 

•06239 

35 

36 

07016 

•78843 

•53847 

•29081 

•02547 

36 

37 

05204 

•76714 

•51321 

•25999 

2-98673 

37 

38 

03303 

•74509 

•48695 

•22783 

•94605 

38 

39 

01343 

•72228 

•45967 

•19422 

•90332 

39 

40    3 

99317 

•69860 

•43124 

•15903 

•85835 

40 

41 

97227 

•67403 

•40165 

•12221 

•81102 

41 

42 

95063 

•64861 

•37079 

•OS364 

•76112 

42 

43 

92822 

•62214 

•33859 

•04314 

•70344 

43 

44 

90504 

•59465 

•30498 

•00065 

•65281 

44 

45 

88099 

•56604 

•26982 

2-95596 

•59394 

45 

46 

85607 

•53625 

•23305 

•90896 

46 

47 

83019 

•50519 

•19454 

•85942 

47 

48 

80329 

•47280 

•15415 

•80716 

48 

49 

77533 

•43898 

11176 

•75198 

49 

50 

74620 

•40360 

•06719 

•69360 

50 

51 

71585 

•36659 

•02032 

51 

52 

68118 

■32782 

2-97092 

52 

53 

65113 

•28715 

•91882 

53 

54 

61660 

•24447 

•86383 

54 

55 

58016 

•19960 

•80565 

55 

56 

51261 

•15240 

56 

57 

50297 

•10269 

57 

58 

46136 

•05025 

58 

59 

41765 

2-99488 

59 

60 

37170 

•93634 

60 

61 

32337 

61 

62 

27213 

... 

62 

63 

21873 

... 

63 

61 

16202 

64 

65 

10209 

... 

65 

1905.]        On  the  Retrospective  Method  of  Valuation. 
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0M      3  j  per-cent. 


1000 


COBRECTIOX-NUMERATOR  for 

WHOLE-LIFE  ASSURANCE  by  LIMITED  PAYMENTS 

DIVIDED    BY    1000. 


Number  of  Payments 

Age 
at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

20122 

11-263 

6-9504 

4-4610 

2-8373 

20 

21 

19571 

10-922 

67151 

4-2885 

27573 

21 

22 

19025 

10-586 

6-4825 

41184 

26292 

22 

23 

18-481 

10-252 

62520 

3-9500 

2-5029 

23 

24 

17910 

9-9204 

60235 

37835 

2-3783 

24 

25 

17-411 

9-5916 

5-7972 

36187 

22556 

25 

26 

16-831 

9-2653 

5-5728 

3-4560 

21349 

26 

27 

16-353 

89415 

5-3506 

3-2951 

20161 

27 

28 

15-828 

8-6197 

5-1298 

31360 

1-8994 

28 

29 

15308 

83004 

4-9116 

2-9792 

1-7850 

29 

30 

14-789 

7-9834 

4-6953 

2-8245 

1-6730 

30 

31 

14-274 

7-6688 

4-4816 

2-6722 

1-5634 

31 

32 

13763 

7-3573 

4-2703 

2-5226 

1-4567 

32 

33 

13-256 

7-0486 

40618 

2-3756 

1-3528 

33 

34 

12-753 

6-7433 

3-8563 

2-2316 

1-2520 

34 

35 

12-255 

6-4415 

3-6539 

2-0909 

1-1545 

35 

36 

11-761 

61437 

3-4552 

1-9535 

1-0604 

36 

37 

11-273 

5-8J98 

3-2599 

1-8197 

•96991 

37 

38 

10-790 

55602 

3-0687 

1-6898 

•88318 

38 

39 

10-314 

5-2757 

2-8818 

1-5639 

•80042 

39 

40 

9-8440 

4-9957 

2-6992 

1-4422 

•72169 

40 

41 

93815 

47215 

2-5214 

1-3250 

•61717 

41 

42 

8*9254 

4-4526 

2-3485 

1-2124 

•57693 

42 

43 

8-4766 

4-1893 

2-1807 

1-1044 

•51102 

43 

44 

80360 

3-9323 

20183 

10015 

•44958 

44 

45 

7-6031 

36816 

1-8613 

•90357 

•39259 

45 

46 

7-1791 

34376 

1-7102 

•81089 

46 

47 

6-7638 

3-2003 

1-5651 

•72347 

47 

48 

6-3576 

2-9703 

1-4261 

•64145 

48 

49 

5-9611 

2-7478 

1-2935 

•56491 

49 

50 

5-5744 

2-5328 

1-1673 

•49386 

50 

51 

5-1982 

2-3259 

1-0479 

51 

52 

4-8326 

21273 

•93523 

52 

53 

4-4785 

1-9371 

■82951 

53 

54 

41362 

1-7558 

•73085 

54 

55 

3-8059 

1-5834 

•63922 

55 

56 

3-4883 

1-4204 

56 

57 

31840 

1-2667 

57 

58 

2-8931 

1-1227 

58 

59 

2-6161 

•98823 

59 

60 

2-3534 

•86365 

60 

61 

2-1056 

61 

62 

1-8725 

62 

63 

1-6547 

63 

61 

1-4522 

... 

64 

65 

1-2650 

65 

72 


On  the  Retrospectiije  Method  of  Valuation.  [Jan. 


0M     4  per-cent.  Log  tkx 

Log  of  Correction-Numerator  for 

WHOLE-LIFE  ASSURANCE  by  LIMITED  PAYMENTS. 


Number  of  Payments 

Age 
at 

Age 
at 

Em  ry 

10 

15 

20 

25 

30 

Entry 

20 

4-15177 

3-S9579 

3-68193 

3-48486 

329112 

20 

21 

•13905 

•88184 

•66637 

•46714 

•27050 

21 

22 

•12614 

•86762 

•65046 

•44896 

•24923 

22 

23 

•11298 

•85310 

•63415 

•43025 

•22724 

23 

24 

•09955 

•83825 

•61740 

•41096 

•20449 

24 

23 

•08582 

•82302 

•60019 

•39105 

•18090 

25 

26 

•07179 

•80741 

•58247 

•37019 

•15641 

26 

27 

•05741 

■79140 

•56423 

•34922 

•13097 

27 

28 

•01268 

■77491 

•51540 

•32716 

•10147 

28 

29 

•02756 

•75795 

•52594 

•30430 

•07688 

29 

30 

•01203 

•74043 

•50584 

•28059 

•04812 

30 

31 

3-99607 

•72217 

•48504 

•25593 

01811 

31 

32 

•97967 

•70389 

•46350 

•23031 

2-98675 

32 

33 

•96281 

•68473 

•44119 

•20365 

•95399 

33 

34 

•94541 

•66194 

•41808 

•17591 

•91972 

34 

35 

•927G0 

■64153 

•39414 

•14703 

•88386 

35 

36 

•90918 

•62340 

•36925 

•11(390 

•84625 

36 

37 

•89022 

•60156 

•34343 

•0S548 

•80682 

37 

38 

•87069 

•57897 

•31661 

•05269 

•76546 

38 

39 

•85054 

•55561 

•28875 

•01846 

•72202 

39 

40 

•82976 

•53141 

•25975 

2-98265 

•67633 

40 

41 

•80831 

•50633 

•22958 

•94518 

•62826 

41 

42 

•78615 

•4S032 

•19814 

•90594 

•57759 

42 

43 

•76321 

•45331 

•16535 

•86479 

•52414 

43 

44 

•73951 

•42527 

•13114 

•82162 

•46770 

44 

45 

•71496 

•39611 

•09540 

•77624 

•40802 

45 

46 

•68951 

•36578 

•05801 

•72852 

46 

47 

•66309 

•33416 

•01886 

•67824 

47 

48 

•63568 

•30121 

2-97783 

•62525 

48 

49 

•60718 

•26681 

•93479 

•56927 

49 

50 

•57752 

•23086 

•88955 

•51011 

50 

51 

•54663 

•19324 

•84198 

51 

52 

•51442 

•15386 

•79188 

52 

53 

•48080 

■11255 

•73904 

53 

51 

•44569 

•06923 

•68327 

54 

55 

•40897 

•02369 

•62430 

55 

56 

•37050 

2-97579 

56 

57 

•33023 

•92535 

57 

58 

•28797 

•87217 

58 

59 

•21360 

•81601 

59 

60 

•19696 

•75668 

60 

61 

•14789 

61 

62 

•09621 

•  •* 

62 

1  63 

•04172 

... 

63 

64 

2-98419 

... 

64 

65 

•92344 

... 

65 

1905.]        On  the  Retrospective  Method  of  Valuation. 


-■', 


0       4  per-cent. 


1000 

COBBECTIO>"-Xl"MEEATOB  for 

WHOLE-LIFE  ASSURANCE  Br  LIMITED  PAYMENTS 

DIVIDED    ET    1000. 


X umber  of  Payments 

Age 
at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

14-183 

7'8667 

48076 

30539 

1-9549 

20 

21 

13774 

7*6180 

4-6384 

29318 

1-8642 

21 

22 

13370 

73726 

4-4716 

2-8116 

1-7751 

22 

23 

12-971 

71302 

4-3068 

2-6931 

1-6875 

23 

24 

12-576 

68905 

4-1438 

25761 

1-6014 

24 

25 

12-185 

66530 

3-9828 

2-4607 

1-5167 

25 

26 

11-798 

64182 

3-8236 

2-3469 

1-4335 

26 

27 

11-413 

6-1859 

3-6663 

2-2347 

1-3520 

27 

28 

11033 

5-9554 

35108 

2-1240 

12719 

23 

29 

10655 

57273 

33569 

20151 

1-1937 

29 

30 

10-231 

5"5015 

32051 

1-9081 

1-1172 

30 

31 

9-9099 

52780 

30552 

1-8027 

1-0426 

31 

32 

9-5427 

5-0570 

2-9074 

1-6995 

•96995 

32 

33 

91793 

48387 

27618 

1-5983 

•89948 

33 

34 

8S194 

46232 

2-6187 

1-4994 

S3123 

34 

35 

8-4645 

44109 

24782 

1-4029 

-76535 

35 

36 

8-1130 

4-2015 

2-3402 

1-3089 

•70186 

36 

37 

77664 

3-9954 

2-2051 

1-2175 

•64094 

37 

38 

7-4249 

3-7929 

2-0731 

11290 

•58272 

38 

39 

7-0SS3 

35943 

1-9442 

1-0434 

•52725 

39 

40 

6-7571 

3-3995 

1-8187 

•96034 

•47460 

40 

41 

6-4315 

3-2087 

1-6966 

•88141 

•42487 

41 

42 

6-1115 

3-0222 

1-5781 

•80527 

■37809 

42 

43 

5-7971 

2-8399 

1-4634 

•73247 

•33430 

43 

44 

5-4892 

2-6624 

l-3525 

•66316 

•29356 

41 

45 

5-1875 

2-4895 

1-2457 

•59737 

-25587 

45 

46 

4-8923 

2-3216 

1-1429 

•53520 

46 

47 

4-6035 

21585 

1-0444 

-47669 

47 

4S 

4-3220 

20003 

•95023 

•42194 

43 

49 

4-0474 

1-8485 

•86058 

•37091 

49 

50 

3-7802 

1-7016 

■77544 

•32368 

50 

51 

35207 

1-5604 

•69499 

51 

52 

32690 

1-4251 

•61927 

.. 

52 

53 

30255 

1-2958 

■54833 

•  •■ 

53 

54 

2-7906 

1-1723 

■48225 

54 

55 

2-5643 

1-0561 

•42102 

55 

56 

2-3469 

•94578 

... 

56 

57 

21391 

■84207 

57 

58 

1-9408 

•74502 

... 

58 

59 

1-7523 

•65465 

59 

60 

1-5738 

•57106 

60 

61 

1-4057 

'.'.'. 

... 

61 

62 

1-2480 

... 

... 

62 

63 

1-1008 

... 

63 

64 

•96425 

... 

... 

64 

65 

- 

•83838 

65 

7  1 


0        <>\  per-cent 


On  the  Retrospective  Method  of  Valuation.  [Jan. 

Logkxf, 


Log  op  Correction-Numerator  for 
ENDOWMENT  ASSURANCE 

SECURED    BY    ANNUAL    PREMIUM    PAYABLE    THROUGHOUT    THE 
DURATION    OF    THE    ASSURANCE. 


Age 
iit 

Age  at  Maturity 

Age 

at 

Entry 

Entry 

45 

50 

55 

60 

65 

20     4 

42629    4 

24593    4 

06005 

3-85928    3 

63259 

20 

21 

lMssy 

25579 

06808 

•86604 

63847 

21 

22 

45219 

26614 

07616 

•87307 

61157 

22 

23 

46626 

27699 

08518 

•8S035 

65087 

23 

24 

48117 

28837 

09428 

•88791 

65738 

24 

25 

40701 

30035 

10379 

•89577 

66413 

25 

26 

51386 

31296 

11372 

•90393 

67109 

26 

27 

53181 

32625 

12411 

•91241 

67831 

27 

28 

55107 

31028 

13496 

•92122 

68576 

28 

29 

57174 

35514 

14636 

•93040 

69350 

29 

30 

59402 

37090 

15832 

■93997 

70151 

30 

31 

61812 

38765 

17088 

•94993 

70980 

31 

32 

04436 

40552 

18413 

•96035 

71842 

32 

33 

67307 

42463 

19810 

■97124 

72736 

33 

34 

70168 

44514 

21287 

•98263 

73666 

34 

35 

739SO 

46725 

22854 

•99460 

74634 

35 

36 

77916 

49117 

24518 

4-00716 

75643 

36 

37 

82379 

51720 

26292 

•02037 

76695 

37 

38 

87513 

54569 

28190 

•03432 

77795 

38 

39 

93530 

57709 

30227 

•04907 

78947 

39 

40    5 

00755 

61194 

32421 

•06469 

80154 

40 

41 

65104 

34797 

•08130 

81422 

41 

42 

69537 

37381 

•09898 

82755 

42 

43 

74639 

40208 

•11788 

84160 

43 

44 

.. 

80619 

43323 

•13815 

85643 

44  j 

45 

87803 

46780 

•15996 

87212 

45  1 

46 

•  ** 

50656 

•18356 

88877 

46 

47 

55052 

•20920 

90647 

47 

48 

60111 

•23723 

92536 

48 

49 

66042 

•26807 

94557 

49 

50 

73171 

•30229 

96729 

50 

51 

•34061 

99071 

51 

52 

•38404    4 

01611 

52 

53 

•43400 

01381 

53 

54 

•49259 

07425 

54 

55 

•56301 

10793 

55 

56 

... 

14561 

56 

57 

18828 

57 

58 

23730 

58 

59 

29476 

59 

60 

36387 

60 

Eor  ENDOWMENT   ASSURANCE  by 
LogKxTl  Single  Premium.  LogK^ 


At  all 
Ages 

4-06144 

393275 

3-78319 

3-60918 

3-40255 

At  all 

Ages 

1905.]         On  the  Retrospective  Method  of  Valuation. 
0M     2£  per-cent. 


7!) 

t.r7| 


1UU0 


COEUECXION-NUMERATOE  for 

ENDOWMENT    ASSURANCE 

SECUEED    BY    ANNUAL    PeEMIUM    PAYABLE    THROUGHOUT    THE 
DURATION    OF    THE    AsSUEANCE — DIVIDED    BT.    100U. 


Age 

at 
Entry 

Age  at  Maturity 

Age 

at 

Entry 

45 

50 

55 

60 

65 

20 

26-686 

17617 

11-483 

7-2324 

4-2913 

20 

21 

27-471 

18-021 

11-697 

73458 

4-3498 

21 

22 

28-326 

18-456 

11-925 

7-4657 

4  4113 

22 

23 

29-259 

18-923 

12167 

7-5919 

4-4758 

23 

24 

30-281 

19-425 

12-425 

7-7252 

4-5434 

24 

25 

31-406 

19-9159 

12-700 

7-8663 

4-6146 

25 

26 

32-648 

20-557 

12993 

8-0155 

4-6891 

26 

27 

34-028 

21196 

13-308 

8-1735 

4-7677 

27 

28 

35-569 

21-892 

13-645 

8-3410 

4-8502 

28 

29 

37-303 

22-654 

14-007 

8-5192 

4-9374 

29 

30 

39-266 

23-491 

14-399 

8-7090 

5-0293 

30 

31 

41-507 

24115 

14-821 

8-9111 

5- 1263 

31 

32 

44-092 

25-440 

15-280 

9-1275 

5-2290 

32 

33 

47-105 

26-585 

15-780 

9-3592 

5-3378 

33 

34 

50-662 

27-870 

16326 

9-6079 

5-4533 

34 

35 

54-929 

29-326 

16-925 

9-8764 

5-5762 

35 

36 

60140 

30-986 

17-587 

10166 

5-7073 

36  1 

37 

66-648 

32-900 

18-320 

10-480 

5-8472 

37 

38 

75-012 

35131 

19-138 

10-822 

5-9972 

38 

39 

86-159 

37-765 

20057 

11196 

6-1584 

39 

40 

101-754 

40920 

21-096 

11-606 

6-3320 

40 

41 

44-775 

22-283 

12059 

65196 

41 

42 

49-587 

23-649 

12-560 

67228 

42 

43 

55-769 

25-239 

13118 

6-9438 

43 

44 

64-001 

27-116 

13-745 

7-1851 

44 

45 

75-514 

29-363 

14-453 

7-4494 

45 

46 

32-104 

15-260 

7  7405 

46 

47 

35-524 

16-188 

80625 

47 

48 

39-913 

17-268 

8-4209 

48 

49 

45'753 

18-538 

8-8221 

49 

50 

53-915 

20-058 

9-2745 

50 

51 

21-908 

9-7881 

51 

52 

24-213 

10-378 

52 

53 

27-164 

11-061 

53 

51 

31-088 

11-865 

54 

55 

36560 

12-821 

55 

56 

13-983 

56 

57 

15-427 

57 

58 

17-270 

58 

59 

19-713 

59 

00 

" 

23-114 

CO 

1000 


Foe  ENDOWMENT   ASSURANCE  by 
Single  Premium. 


10:10 


At  all 
Acres 


11 -coo 


8-5655 


6-0700 


1-0689 


2-5267 


At  all 
Ages 


76 


On  the  Retrospective  Method  of  Valuation. 


[Jan. 


0        2  \  per-cent.  Logk^ 

Log  of  Correction-Numerator  for 
ENDOWMENT   ASSURANCE 

SECURED    BY    ANNUAL   PREMIUM   PAYABLE   THROUGHOUT   THE 
DURATION    OF    THE    ASSURANCE. 


Age 

Age  at  Maturity 

Age 

at 

at 

Entry 

45 

50 

55 

60 

65 

Entry 

20 

437696 

4-19458 

4-00653 

3-80334 

3-57397 

20 

21 

•38916 

•20408 

•01422 

•80979 

•57956 

21 

22 

•40205 

•21404 

•02223 

•81647 

•58534 

22 

23 

•41572 

•22451 

•03061 

•82343 

•59133 

23 

21 

•43021 

•23551 

•03935 

•83065 

•59753 

21 

25 

•44563 

•24710 

•04849 

•83817 

•60396 

25 

2G 

•46206 

•25930 

•05805 

•84598 

•61061 

26 

27 

•47962 

•27220 

•06806 

•85412 

•61750 

27 

28 

•49842 

•28583 

•07855 

•86258 

•62463 

28 

29 

•51S66 

•30028 

•08956 

•87141 

•63203 

29 

30 

•54049 

•31563 

•10114 

•88061 

•63971 

30 

31 

•56415 

•33196 

•11332 

•89022 

•64767 

31 

32 

•58993 

•34940 

•12616 

•90027 

•65594 

32 

33 

•61818 

•36808 

•13973 

•91078 

•66154 

33 

31 

•64934 

•38816 

•15410 

•92181 

•67349 

34 

33 

•68399 

•40983 

•16936 

•93339 

•68283 

35 

36 

•72287 

•43332 

•18559 

•94557 

•69256 

36 

37 

•76703 

•45891 

•20292 

•95840 

•70273 

37 

33 

•81783 

•48694 

■22148 

•97196 

■71337 

38 

39 

87756 

•51788 

•24142 

•98631 

•72452 

39 

40 

•91932 

•55228 

•26294 

4-00154 

■73622 

40 

41 

•59089 

•28625 

•01773 

•74852 

41 

42 

•63476 

•31165 

•03501 

•76148 

42 

43 

•68528 

•33947 

•05348 

•77513 

43 

41 

•74460 

•37016 

•07334 

•78959 

44 

45 

•81696 

•40428 

•09474 

■804S9 

45 

46 

•44258 

•11790 

•82114 

46 

47 

•48607 

•14310 

•83845 

47 

48 

•53617 

•17068 

•85692 

48 

49 

•59500 

•20108 

•87673 

49 

50 

•66580 

•23485 

•89803 

50 

51 

•27271 

•92103 

51 

52 

•31568 

•94601 

52 

53 

•36517 

•97328 

53 

54 

•42328 

4-00323 

54 

55 

•49322 

•03652 

55 

56 

•07376 

56 

57 

•11597 

57 

58 

•16453 

58 

59 

•22152 

59 

60 

•29016 

60 

Log  K,  7| 


For  ENDOWMENT   ASSURANCE  by 

Single  Premium.  LogK^ 


At  all 
A^es 

4-01151    3-90899 

3-75559 

3-57802 

3-36719 

At  all 
Ages 

1905.]        On  the  Retrospeetivi  Method  of  Valuation. 
0       24  per-cent. 


/  i 

fc»7j 
1000 


CORRECTIOy-XrMEEATOE  for 

ENDOWMENT    ASSURANCE 

SECURED    BY    AjOTUAl    PREMIUM    PAYABLE    THROUGHOUT    THE 
DURATION   Of    THE   ASSURANCE — DIYIDED   BY   1000. 


Age 

Age  ;.-. 

V 

Age 

at 

at 
Entry 

Entry 

45 

50 

55 

60 

65 

2  1 

23821 

15652 

10151 

63583 

3-7495 

20 

21 

21500 

15-999 

10-333 

6-4534 

3-7980 

21 

22 

25-238 

16-370 

10-525 

6'5535 

3-8489 

22 

23 

26-045 

16-769 

10-730 

66593 

3-9024 

23 

24 

26-928 

17199 

10  . 

6-7710 

3-9585 

24 

25 

27-902 

17664 

11-181 

6-8892 

4-0175 

25 

26 

2S-977 

18-168 

11-430 

7-0142 

4-0795 

26 

27 

30-173 

18-715 

11-697 

71469 

4-1448 

27 

28 

31-508 

19-312 

11-9S3 

7-2875 

42134 

28 

29 

33011 

19-965 

12-290 

74372 

4-2358 

29 

30 

31713 

20684 

12622 

75964 

4-3622 

30 

31 

36-656 

21-476 

129S1 

77664 

4-4429 

31 

32 

38-S98 

22-356 

13-371 

7-9482 

45231 

32 

33 

41513 

23-339 

13-795 

8-1429 

4-6189 

33 

34 

41601 

21413 

11-259 

8-3524 

4-7151 

34 

35 

48305 

25-694 

14-769 

8-5781 

4-8176 

35 

36 

52-S29 

27122 

15-332 

8-8221 

4-9267 

36 

37 

53  483 

28-768 

15-956 

9-0866 

50135 

37 

38 

65-74S 

30686 

16-653 

9-371^ 

5-1636 

38 

39 

75-433 

32  952 

17135 

9-6397 

5  3030 

39 

40 

88-986    1 

35-668 

18-321 

10-036 

5-447S 

40 

41 

38984 

19331 

10417 

5-6043 

41 

12 

43128 

20-495 

10-810 

57740 

42 

43 

" 

48-448 

21-851 

11-310 

5-9584 

43 

41 

55'539 

23-451 

11-840 

61601 

44 

45 

65-608 

25368 

12-438 

63810 

45 

46 

27-706 

13119 

6-6213 

46 

17 

30625 

13-903 

6-8937 

47 

48 

34-369 

14-814 

71932 

• 

49 

39355 

15-888 

75289 

49 

50 

46323 

17173 

79073 

50 

51 

18-737 

8-3374 

51 

52 

20-686 

8-8310 

52 

53 

23-183 

94033 

53 

54 

26502 

10076 

51 

55 

31133 

10-877 

55 

56 

11-851 

5-5 

57 

13-061 

57 

58 

14-606 

53 

59 

•• 

16-654 

59 

60 

19506 

60 

g  --  Eor  ENDOWMENT   ASSURANCE  by  K^ 

1000  Single  Premium.  1000 


At  all 

A  St  B 

11-079 

8-1093 

5-6962 

3-7315 

2-3291 

AtaU 
Ages 

78  On  the  Retrospective  Method  of  Valuation.  [Jan. 

0M     3  per-cent.  Logls.^ 

Loo  of  Correction-Numerator  for 
ENDOWMENT    ASSURANCE 

SECURED    I3Y    ANNUAL    PREMIUM    PAYABLE    THROUGHOUT    THE 
DURATION    OE    THE    ASSURANCE. 


Age 

Age  at  Maturity 

r 

Age 

at 

at 

Entry 
20 

45 

50 

55 

60 

65 

Entry 

4-32783 

4-14336 

3-95303 

3-74735 

351521 

20 

21 

•33963 

•15249 

•96037 

•75348 

•52051 

21 

22 

'35215 

•16210 

•96806 

•75987 

•52601 

22 

23 

•36541 

•17219 

•97603 

•76649 

•53170 

23 

24 

•37950 

•18282 

•98448 

•77339 

•53760 

24 

25 

•39451 

•19402 

•99327 

•78058 

•54372 

25 

26 

•41053 

•20585 

4-00247 

•78807 

•55007 

26 

27 

•42767 

•21836 

•01213 

•79588 

•55665 

27 

28 

•44605 

•23160 

02225 

•80100 

•56347 

28 

29 

•46585 

•24561 

•03289 

•81248 

•57055 

29 

30 

•48725 

•26059 

•04409 

•82134 

•57791 

30 

31 

•51048 

•27652 

•05589 

•83060 

•58555 

31 

32 

•53581 

•29355 

•06836 

•84029 

•59349 

32 

33 

■56362 

•31181 

•08154 

•85016 

•60176 

33 

34 

•59432 

•33146 

09552 

•86112 

•61038 

34 

35 

•62850 

•35270 

•11037 

•87233 

•61937 

35 

36 

•66693 

•37576 

•12621 

•88414 

•62877 

36 

37 

•71060 

•40090 

•14313 

•89659 

•63858 

37 

38 

•76099 

•42849 

•16127 

•90977 

•64888 

38 

39 

•82017 

•45897 

•18079 

•92373 

•65967 

39 

40 

•8914 1 

•49291 

•20188 

•93856 

•67101 

40 

41 

•53107 

•22477 

•95436 

•68295 

41 

42 

•57446 

•24973 

•97124 

•69554 

42 

43 

•62451 

•27711 

•98932 

•70883 

43 

44 

•68334 

•30736 

4-00876 

•72290 

44 

45 

•75421 

•34102 

•02973 

•73781 

45 

46 

•37886 

•05248 

•75369 

46 

47 

•  •• 

•42188 

•07725 

•77059 

47 

48 

•  •• 

•47152 

•10140 

•78869 

48 

49 

•52987 

•13436 

•80809 

49 

50 

... 

•60018 

•16768 

•82898 

50 

51 

■20509 

•85157 

51 

52 

•24760 

•87613 

52 

53 

•29663 

•90298 

53 

54 

•35425 

•93254 

54 

55 

... 

•42372 

•96536 

55 

56 

4-00215 

56 

57 

•04391 

57 

58 

•09202 

58 

59 

•14855 

59 

1     60 

... 

... 

•21671 

60 

For 

ENDOWMENT   AS 

SSURANC 

E    BY 

Log  K, 

*l 

Single  Prem 

IUM. 

LogK, 

At  all 
Ages 

402133 

388194 

372468 

3-54324 

332848 

At  all 

Ages 

1905.]        On  the  Retrospective  Method  of  Valuation. 
0M     3  per-cent. 


79 


1000 


CORRECTION-NUMERATOR  for 

ENDOWMENT   ASSURANCE 

SECURED    BY    ANNUAL    PREMIUM    RATABLE    THROUGHOUT    THE 
DURATION    OF    THE    ASSURANCE — DIVIDED    BT    1000. 


Age 

Age  at  Maturity 

Age 

at 

at 

Entry 

45 

50 

55 

60 

65 

Entry 

20 

21273 

13911 

8-9749 

5-5892 

3-2750 

20 

21 

21-859 

14207 

91279 

5-6G87 

3-3152 

21 

22 

22-498 

14-524 

9-2909 

5-7527 

33575 

22 

23 

23196 

14-866 

94641 

5-8410 

34017 

23 

24 

23-961 

15-234 

96489 

59346 

3-4483 

24 

25 

24-803 

15632 

98462 

6-0336 

34972 

25 

26 

25735 

16064 

10057 

61386 

35487 

26 

27 

26-771 

16533 

10-283 

6-2500 

36029 

27 

28 

27-929 

17045 

10-526 

63680 

3-6599 

28 

29 

29231 

17605 

10-787 

64935 

3-7201 

29 

30 

30-708 

18-222 

11069 

66274 

3-7836 

30 

31 

32-395 

18903 

11-373 

6-7702 

3-8508 

31 

32 

34-341 

19-658 

11-705 

69229 

3-9218 

32  ; 

33 

36-612 

20-503 

12065 

70870 

3-9972 

33  I 

34 

39293 

21452 

12-460 

72631 

40774 

34 

35 

12-511 

22-527 

12893 

74530 

4-1627 

35 

36 

46-444 

23755 

13-372 

7-6584 

4-2537 

36 

37 

51-357 

25-171 

13-904 

7-8812 

43509 

37 

38 

57'675 

2G-822 

14-497 

8-1240 

4-4553 

38 

39 

66-095 

28-772 

15-163 

8-3894 

4-5674 

39 

40 

77-883 

31-111 

15-918 

8-6808 

4-6882 

40 

41 

33-968 

16-779 

9-0024 

4-8189 

41 

42 

37537 

17-772 

93592 

4-9607 

42 

43 

42122 

18-928 

97571 

5-1148 

43 

44 

48-233 

20-294 

10  204 

5-2832 

44 

45 

56-782 

21-929 

10-709 

5-4678 

45 

46 

23-925 

11-284 

56714 

46 

47 

26-417 

11-947 

58964 

47 

48 

. .  > 

29-616 

12-717 

6-1474 

48 

49 

33-874 

13626 

6-4282 

49 

50 

39-827 

14-712 

6-7450 

50 

51 

16036 

7-1051 

51 

52 

tl 

17685 

7-5185 

52 

53 

19-798 

7-99SO 

53 

51 

.. 

22607 

8-5613 

54 

55 

.. 

26529 

9-2334 

55 

56 

B- 

10050 

56 

57 

11-064 

57 

58 

12-360 

58 

59 

.. 

14078 

59 

60 

... 

16-471 

60 

K*7j_  For  ENDOWMENT   ASSURANCE  by  K^ 

10U0  Single  Premium.  1000 


At  all 
Ages 

10503 

7-6198 

5-3050 

3-4933 

2-1305 

At  all 

Ages 

80 

oM 


On  the  Retrospective  Method  of  Valuation.  [Jan. 

3  j  per-cent.  Log  k  . 

Log  of  Cobbection-Ni  mkkatob  for 


ENDOWMENT   ASSURANCE 

SECUBED    BY    ANNUAL    PbEMIUM    PAYABLE    THEOUGHOTTT    THK 
DUBATION    OF    THE    Asst  BAW<  E. 


Age 

at 

Butty 

Age  at  Maturity 

Age 
Entry 

45        I 

»0 

55 

60 

65 

20 

423023    4-04 

U29 

3-84613 

363520 

3-39729 

20 

21 

•24129     -OJ 

t974 

•85285 

•64075 

•40205 

21 

22 

•25305     -Oc 

864 

■85989 

•64654 

•40700 

22 

23 

•265 :.  1     -06 

>803 

•86726 

•65258 

11214 

23 

21 

•27886     -0/ 

794 

•87500 

•65888 

■41749 

24 

25 

•29308     -06 

841 

•88312 

•66545 

•42304 

25 

26 

•30830     -0£ 

951 

•89165 

•67231 

•12882 

26 

27 

•32463     -11 

12(3 

•90061 

■67948 

•43482 

27 

28 

•34219     '12 

374 

■91004 

•68697 

■44106 

28 

29 

•36116     -IS 

703 

■91998 

•69481 

•41755 

29 

30 

•38171     -15 

118 

•93046 

•70301 

•45430 

30 

31 

•40407    -ie 

632 

•94153 

•71160 

•46133 

31 

32 

•42855     -18 

255 

•95326 

•72062 

•46866 

32 

33 

•45546     -2C 

(000 

•96569 

•73009 

17630 

33 

31 

•4S527     -21 

883 

•97892 

•74006 

•48428 

34 

35 

•51855     -23 

923 

•99300 

•75057 

•49263 

35 

36 

•55606     -26 

144 

4-00806 

•76167 

•50138 

36 

37 

•59879     -28 

571 

•02418 

•77340 

•51053 

37 

38 

•64823     -31 

244 

•04153 

•78584 

•52016 

38 

39 

•70646     -34 

203 

•06023 

•79906 

•53027 

39 

40 

•77675     -37 

506 

•0S049 

•81313 

•54092 

40 

41 

•41 

231 

•10254 

•82817 

•55216 

41 

42 

•45 

478 

•12666 

■84127 

■56404 

42 

43 

•50 

390 

•15317 

•86156 

•57662 

43 

44 

•56 

177 

•18254 

•88019 

•58996 

44 

45 

•63 

167 

•21531 

•90036 

•60414 

45 

46 

•25224 

•92227 

•61926 

46 

47 

•29436 

•94622 

•63542 

47 

48 

•34307 

■97252 

•65274 

48 

49 

•40046 

4-00161 

•67135 

49 

50 

•46981 

•03405 

•69145 

50 

51 

•07058 

•71325 

51 

52 

11219 

•73699 

52 

53 

•16029 

•76301 

53 

54 

•21699 

•79174 

54 

55 

•28550 

•82370 

55 

56 

•85961 

56 

57 

•90018 

57 

58 

•94770 

58 

59 

4-00331 

59 

60 

■07053 

60 

Foe  ENDOWMENT   ASSURANCE  by 
LogX^  Single  Peemilm.  •  LogK, 


At  all 
Ages 


3-96746 


3-82023 


365516 


346588 


3-24322 


1905.]        On  the  Retrospective  Method  of  Valuation. 
0M     32  per-cent. 


81 


1000 


CORRECTION-NUMERATOR  for 

ENDOWMENT   ASSURANCE 

SECURED    BY   ANNEAL    PREMIUM!  PAYABLE   THROUGHOUT   THE 
DURATION    OF    TIIE    ASSURANCE DIYIDED    BY    1000. 


Age 

Age  at  Maturity 

Age 

at 
Entry 

at 

Entry 

45 

50 

55 

60 

65 

20 

16991 

10997 

7-0167 

4-3172 

2-4963 

20 

21 

17-430 

11-213 

71261 

4-3727 

2-5238 

21 

22 

17-908 

11-446 

72425 

4-4314 

2-5527 

22 

23 

18-431 

11-696 

7-3665 

44935 

2-5831 

23 

24 

19005 

11-966 

7-4989 

4-5591 

2-6151 

24 

25 

19-637 

12-258 

7-6405 

4-6286 

2-6487 

25 

26 

20-338 

12-575 

7-7920 

1-7023 

2-6842 

26 

27 

21-117 

12-920 

7-95  1  t 

4-7806 

2-7216 

27 

28 

21-988 

13-297 

81291 

4-8637 

2-7610 

28 

29 

22-970 

13-710 

8-3173 

4-9523 

2-8025 

29 

30 

24-083 

14-164 

8-5204 

5-0467 

2-8464 

30 

31 

25-355 

14-666 

8-7404 

5-1475 

2-8929 

31 

32 

26-826 

15-225 

8-9797 

5-2556 

2-9421 

32 

33 

28-540 

15-849 

9-2404 

5-3714 

29943 

33 

34 

30-568 

16-551 

95262 

5-4962 

3-0499 

34 

35 

33-003 

17-347 

98401 

5-6308 

31091 

35 

36 

35-980 

18-257 

10-187 

5-7766 

3-1723 

36 

37 

39-700 

19-307 

10-573 

5-9347 

3-2399 

37 

38 

44-487 

20-532 

11003 

6-1072 

3-3125 

38 

39 

50-870 

21-980 

11-488 

6-2959 

3-3905 

39 

40 

59-807 

23-717 

12-036 

6-5032 

3-4747 

40 

41 

i  • . 

25-841 

12-663 

6-7324 

3-5658 

41 

42 

28-496 

13-386 

6-9867 

3-6647 

42 

43 

31908 

14-229 

72704 

3-7724 

43 

44 

36-456 

15-224 

7-5891 

3-8901 

44 

45 

42-822 

16-418 

7-9499 

40192 

45 

46 

17-875 

8-3612 

4-1616 

46 

47 

19695 

8-8353 

4-3194 

47 

48 

22-033 

9-3869 

4-4951 

48 

49 

25-145 

10-037 

4-6919 

49 

50 

29499 

10-816 

4-9142 

50 

51 

11-765 

5-1671 

51 

52 

12-948 

5-4575 

52 

53 

14-464 

57944 

53 

54 

16-481 

6-1907 

54 

55 

19-297 

6-6635 

55 

56 

7-2379 

56 

57 

7-9521 

57 

58 

8-8654 

58 

59 

10-077 

59 

60 

11-763 

60 

Kail  For  ENDOWMENT  ASSURANCE  by  K^ 

1000  Single  Premium.  1000 


At  all 
Ages 

9-2781 

6-6105 

4-5202 

2-9234 

1-7507 

At  all 
Ages 

VOL.  XXXIX. 


82 


On  the  Retrospective  Method  of  Valuation.  [Jan. 


0M     4  per-cent.  Logkx7| 

Log  op  Correction-Numerator  for 
ENDOWMENT   ASSURANCE 

SECURED    BY   ANNUAL    PREMIUM    PATA15LE   THROUGHOUT   THE 
DURATION    OF    THE    ASSURANCE. 


Ago 

Age  at  Maturity 

Age 

at 

at 

Entry 

45 

50 

55 

60 

65 

Entry 

20 

4-13344 

3-93970 

3-73937 

3-52284 

3-27887 

20 

21 

•14380 

•94751 

•74551 

•52786 

•28315 

2L 

22 

•15483 

"95575 

•75196 

•53311 

•28761 

22 

23 

•16660 

•96448 

•75873 

•53860 

•29226 

23 

24 

•17919 

•97372 

•76586 

•54435 

•29711 

24 

25 

•19265 

•98351 

•77336 

•55036 

•30215 

25 

26 

•20710 

•99390 

•78125 

"55665 

•30740 

26 

27 

•22265 

4-00495 

•78957 

•56324 

•31287 

27 

28 

•23943 

•01671 

•79835 

•57014 

•31857 

28 

29 

•25759 

•02926 

•80762 

•57737 

•32451 

29 

30 

•27732 

•04268 

•81743 

•58496 

■33071 

30 

31 

•29886 

•05706 

•82782 

•59294 

•33718 

31 

32 

•32249 

•07251 

•83884 

•60132 

•34393 

32 

33 

•34854 

•08918 

•85056 

•61015 

•35100 

33 

34 

•37749 

•10722 

•86307 

•61947 

•35839 

34 

35 

•40989 

•12682 

•87643 

•62932 

•36615 

35 

36 

•44649 

•14820 

•89073 

•63974 

•37428 

36 

37 

•48832 

•17164 

•90609 

•65078 

•38281 

37 

38 

•53682 

•19750 

•92266 

•66252 

•39181 

38 

39 

•59411 

•22624 

•94059 

■67504 

•40129 

39 

40 

•66344 

•25840 

•96005 

•68839 

•41129 

40 

41 

•29475 

•98129 

•70269 

•42187 

41 

42 

•33630 

4-00457 

•71804 

•43308 

42 

43 

•38450 

•03025 

•73458 

•44498 

43 

44 

•44144 

•05876 

•75244 

•45762 

44 

45 

•51039 

•09067 

•77182 

•47111 

45 

46 

•12672 

•79294 

•48551 

46 

47 

•16793 

•81607 

•50094 

47 

48 

•21572 

•84154 

•51751 

48 

49 

•27219 

•86980 

•53539 

49 

50 

•34-059 

•90138 

•55472 

50 

51 

•93704 

•57573 

51 

52 

•97776 

•59868 

52 

53 

4-02496 

•62390 

53 

54 

•08073 

•65180 

54 

55 

•14831 

•68293 

55 

56 

•71799 

56 

57 

•75800 

57 

58 

•S0433 

58 

59 

•85904 

59 

60 

,.. 

•92535 

60 

LogK, 


Fob  ENDOWMENT  ASSURANCE  by 

Single  Premium.  LogKx 


At  all 

Ages 

3-90606 

3-750S7 

3-57787 

3-38067 

3-15003 

At  all 

Ages 

1905.]        On  the  Retrospective  Method  of  Valuation. 
0M     4  per-cent. 


83 


1000 


CoBBECTIOX-NUMEBATOB  for 

ENDOWMENT   ASSURANCE 

SECUBED    BT   ASSUAL    PREMIUM    PAYABLE    THBOUGHOUT    THE 

DEEATIO"    OE    THE    ASSEBA^CE DIVIDED    BT    1000. 


1000 


Age 

Age  at  Maturity 

A." 

at 
Entry 

at 

Ei.:ry 

45 

50 

55 

60 

65 

20 

13597 

8-7036 

5-4874 

33330 

1-9005 

20 

21 

13925 

8-8616 

5'5656 

3-371b 

1-9193 

21 

22 

14-283 

90313 

5-6488 

3-412S 

1-9391 

22 

23 

14-676 

9-2147 

57376 

3-4562 

1-9600 

23 

24 

15-107 

94128 

5-8326 

3-5023 

1-9820 

24 

25 

15 '583 

9-6274 

59342 

35511 

2-0052 

25 

26 

16-110 

9-8605 

6-0430 

36029 

20296 

26 

27 

16697 

10115 

6-1598 

3-6580 

2-0553 

27 

28 

17355 

10-392 

6-2856 

3-7166 

2-0s24 

28 

29 

18096 

10-697 

6-4213 

37789 

2-1111 

29 

30 

18-937 

11033 

6-5680 

3-8456 

2-1415 

30 

31 

19-900 

11-404 

6-7270 

3-9169 

2-1736 

31 

32 

21013 

11-817 

6-8999 

3-9932 

2-2076 

32 

33 

22-312 

12-279 

7-0S86 

4-0752 

1-2439 

33 

34 

23S50 

12S00 

72958 

41636 

2-2824 

34 

35 

25697 

13391 

7-5237 

42591 

2-3235 

35 

36 

27-957 

14067 

77755 

43625 

2-3674 

36 

37 

30-784 

14-847 

8-0555 

4-4740 

2-4144 

37 

38 

34-421 

15758 

8-3687 

4'5975 

2-4650 

38 

39 

39-274 

16-836 

S-7215 

47319 

2-5194 

39 

40 

46072 

18-130 

9-1212 

4-8797 

2-5780 

40 

41 

19-713 

9-5783 

50430 

26416 

41 

42 

21-692 

10106 

5-224  4 

2-7107 

42 

43 

24238 

10-721 

5-4273 

2-7860 

43 

44 

27634 

11-449 

5'6551 

2-8683 

44 

45 

• 

32-388 

12322 

59132 

2-9588 

45 

46 

13388 

6-2078 

3-0585 

46 

47 

• 

14-721 

65474 

31691 

47 

48 

• 

.. 

16-433 

6-9420 

3-2924 

48 

49 

18-715 

7-4097 

34308 

49 

50 

21-907 

79686 

3-5869 

50 

51 

86505 

3-7647 

51 

52 

9-5008 

3-9690 

52 

53 

10-592 

4-2063 

53 

54 

12-043 

4-4854 

54 

55 

14-071 

4-8187 

55 

56 

52238 

56 

57 

57280 

57 

58 

63728 

58 

59 

■ 

72284 

59 

60 

8-421  7 

60 

Foe  ENDOWMENT   ASSURANCE  bt  Kx1 

Single  Premium.  IoOO 


At  all 
Ages 


8-0550 


5-6347 


37S33 


2-4025 


1-4126 


Al    U 

A-    - 


G    Z 


On  the  Retrospective  Method  of  Valuation.  [Jan. 


1000 


COmiECTION-DENOMINATOR 
(Reciprocal  of  D^) — multiplied  by  1000. 


Age  at 
Valua- 

2h 

21 

3 

3i 

4 

Age  at 
Valua- 

tion 

per-cent 

per-cent 

per-cent 

per-cent 

per-cent 

tion 

20 

•016989 

•017837 

•018725 

•020630 

•022717 

20 

21 

•017484 

•018402 

•019365 

•021438 

•023721 

21 

22 

•017996 

•018987 

•020030 

•022282 

•024773 

22 

23 

•018526 

•019594 

•020720 

•023161 

•025876 

23 

24 

•019074 

•020223 

•021437 

•024079 

•027031 

21 

25 

•019642 

•020875 

■022183 

•025038 

•0282 11 

25 

26 

•020230 

■021553 

•022959 

•026040 

•029515 

26 

27 

•020840 

•022257 

■023767 

•027086 

•030850 

27 

28 

•021474 

•022990 

•024608 

•028182 

032253 

28 

29 

•022131 

•023751 

•025485 

•029328 

•033727 

29 

30 

•022814 

•024543 

•026400 

■030528 

•035277 

30 

31 

•023524 

•025369 

•027355 

•031785 

•036907 

31 

32 

•024263 

•026230 

■028351 

■033103 

•038623 

32 

33 

•025032 

•027127 

•029392 

•034485 

•040430 

33 

34 

•025S32 

•02S063 

•030480 

•035936 

042333 

34 

35 

•026667 

•029040 

•031619 

•037459 

•044340 

35 

36 

•027537 

•030061 

•032808 

•039058 

•046458 

36 

37 

•028445 

•031127 

■034055 

•040738 

•048690 

37 

38 

•029392 

•032212 

•035362 

•042506 

•051019 

38 

39 

•030381 

•033409 

036731 

•044366 

•053539 

39 

40 

•031417 

034631 

•038166 

•016324 

•056173 

40 

41 

•032499 

•035913 

•039675 

•048389 

•058959 

41 

42 

033634 

•037256 

•041259 

•050566 

•061912 

42 

43 

•034823 

•038668 

•042928 

•052865 

•065036 

43 

41 

•036071 

040153 

•044685 

•055294 

•068357 

44 

45 

•037385 

041715 

•046535 

•057867 

•071880 

45 

46 

•038766 

•043361 

•048492 

•060591 

•075626 

46 

47 

•040222 

•045102 

•050559 

•063480 

•079618 

47 

48 

•041761 

•016942 

•052748 

•066551 

•OS3872 

48 

49 

•043390 

•048890 

•055072 

•069823 

•088417 

49 

50 

045114 

•050958 

•057544 

•073308 

•093284 

50 

51 

•046948 

•053160 

•060176 

•077030 

•098493 

51 

52 

•018905 

•055506 

•062984 

•081018 

•104095 

52 

53 

•050989 

•058015 

•065989 

•085302 

•110123 

53 

54 

•053220 

•060702 

■069214 

•089904 

•116626 

54 

55 

055617 

•063593 

•072685 

•094868 

•123663 

55 

56 

•058200 

•066707 

•076429 

•100240 

•131294 

56 

57 

•060987 

•070067 

•080483 

•106065 

•139595 

57 

58 

•064008 

•073719 

•084882 

•112405 

•148655 

58 

59 

•067295 

■077694 

■089670 

•119328 

•158572 

59 

1905.]         On  the  Retrospective  Method  of  Valuation. 
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0M 


COERECTIOX-DEXOMIXATOR— continued 

(EECIPEOCAL  OF  Dx) — MULTIPLIED  BY  1000. 


1000 

~d7 


Age  at 
Valua- 

2i 

21 

3 

3h 

4 

Age  at 
Valua- 

tion 

per-cent 

per-cent 

per-cent 

per-cent 

per-cent 

tion 

60 

•1  '70882 

•082034 

•094913 

•126916 

•169171 

60 

61 

•074811 

•086798 

■100667 

■135263 

•181492 

61 

62 

079139 

•092039 

•107011 

•144486 

•194799 

62 

63 

•083928 

•097M7 

-114034 

•154715 

•209600 

63 

64 

•,-:•-:;> 

•104295 

•121846 

•166116 

•226132 

64 

65 

•095166 

•111496 

•130576 

•178881 

•24466 

65 

66 

•101821 

•119580 

•140384 

•193252 

•265618 

66 

67 

•109321 

•128700 

•151458 

■209507 

289360 

67 

68 

•117826 

•139053 

•164039 

•228014 

•316436 

68 

69 

127530 

•150873 

■178415 

•249203 

•347512 

69 

70 

•138671 

164452 

•191947 

•273613 

•383392 

7" 

71 

"1515  15 

•180158 

•2140S7 

•301932 

•425116 

71 

72 

•166528 

•198456 

•236401 

•335020 

•473979 

72 

73 

■184094 

•219920 

•262612 

•373972 

•531660 

73 

74 

•204S64 

•245333 

•293660 

•420221 

•600312 

74 

75 

•229616 

■275012 

•330754 

•475579 

•682641 

75 

76 

•259383 

•312130 

-375460 

•512476 

•782473 

:<) 

77 

•295552 

•356519 

•429SS6 

•624181 

•901568 

77 

78 

•339928 

•411066 

•496845 

•721900 

1-055676 

78 

79 

•395023 

•478858 

•580181 

■850557 

1-244694 

79 

80 

•464231 

•564111 

•685166 

1-009377 

1-484208 

81 

•552303 

•672766 

•819135 

1-212577 

1-791601 

81 

82 

•666001 

•813273 

•992654 

1-476494 

2192117 

S2 

83 

•814996 

•997606 

1-220614 

1-824485 

2-721829 

83 

84 

1-013190 

1213626 

1-525271 

2-290898 

3-434184 

84 

85 

1-282742 

1-577859 

1-939864 

2927829 

4-409919 

85 

86 

1655273 

2-041066 

2-515470 

3-814901 

5-774339 

86 

87 

2-181168 

2-696145 

3-330891 

5*076142 

7-720219 

87 

88 

2-941782  1 

3-645112 

4514265 

6-912761 

10-56435 

88 

89 

4-068514  ; 

5-053568 

6-273919 

9654373 

14-82470 

89 

90 

5-782352 

7-199942 

8-960573 

13-85483 

2137803 

90 

91 

8-476013 

10-57988 

13-19853 

20-50735 

31-79549 

91 

92 

12-82545 

1604750 

20-06783 

31-33225 

48-81382 

92 

93 

20-15885 

25-2S509 

31-69673 

49-72898 

77-85130 

93 

94 

3286123  j 

41-31719 

51-92108 

81-85316 

1287581 

94 

95 

5613562 

70-75639 

89-12656 

141-1951 

223-1794 

95 

96 

100-0250 

1263775 

1595838 

2540328 

403-4698 

96 

97 

189-1432 

239-5554 

303-2117 

485-0601 

771-1136 

97 

98 

3748126 

475-8732 

603-8283 

970-5911 

1556-420 

98 

99 

768-3442 

977-8995 

1243936 

2009-243 

3237-294 

99 

86  On  the  Retrospective  Method  of  Valuation.  [Jan. 

OtM]     2i  per-cent.  logt\x] 

Log  of  Comiection-Numebatob,  for 

WHOLE-LIFE  ASSURANCE   by   LIMITED   PAYMENTS. 


Number  of  Payments 

Age 
at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

461385 

4-36892 

4-16706 

3-98280 

3-80276 

20 

21 

•60076 

•35450 

•15094 

•96450 

•78157 

21 

22 

•58742 

•33979 

•13446 

•91569 

•75969 

22 

23 

•57395 

•32487 

•11768 

•92648 

•73726 

23 

24 

•56022 

•30963 

•10049 

•90673 

•71406 

24 

25 

■54626 

•29406 

•08289 

•88642 

•69013 

25 

26 

•53206 

•27821 

•06485 

•86554 

■66540 

26 

27 

•51758 

•26199 

•04636 

•84404 

•63983 

27 

28 

•50283 

•24539 

•02739 

•82188 

•61336 

28 

29 

•48779 

•22842 

•00789  ! 

•79903  | 

■58590 

29 

30 

•47238 

•21102 

3-98784 

•77541 

■55738 

30 

31 

•45666 

•19318 

•96718 

•75099  | 

•52778 

31 

32 

•14055 

•17480 

•94589 

•72569 

•49696 

32 

33 

•42403 

•15595 

•92392  | 

•69949  I 

•46485 

33 

34 

•40713 

•13659 

•90122 

•67230 

•43137 

34 

35 

•38975 

•11660 

•87781 

•64410 

•39645 

35 

36 

•37190 

•09602 

•S5352 

•61472 

•35989 

36 

37 

•35354 

•07475 

•82838 

•58417 

•32163 

37 

38 

•33463 

•05281 

•80228 

•55231 

•28155 

38 

39 

•31512 

•03008 

•77519 

•51906 

•23947 

39 

40 

•29502 

•O066O 

•74704 

•48435 

•19526 

40 

41 

•27426 

398223 

•71775 

•44804 

•14877 

41 

42 

•25280 

•95698 

•68722 

•41002 

•09975 

42 

43 

•23062 

•93078 

•65543 

•37018 

•04809 

43 

44 

•20761 

•90350 

•62219 

•32835 

2-99349 

44 

45 

•18378 

•87514 

•58748 

•28438 

•93575 

45 

46 

•15903 

•84562 

•55112 

•23811 

46 

47 

•13335 

•81483 

•51311 

•18938 

47 

48 

•10665 

•78271 

•47318 

•13798 

48 

49 

•07887 

•74918 

•43132 

•08366 

49 

50 

•04992 

•71408 

•38725 

•02619 

50 

51 

•01974 

•67730 

•34092 

51 

52 

3-98824 

•63880 

•29208 

52 

53 

•95535 

•59845 

•24060 

53 

54 

•92096 

■55606 

•18619 

54 

55 

•88195 

•51143 

■12864 

55 

56 

•84727 

•46455 

56 

57 

■80772 

•41508 

57 

58 

•76624 

•36295 

58 

59 

•72264 

•30789 

59 

60 

•67679 

■24963 

... 

60 

61 

•62853 

61 

62 

•57767 

62 

63 

•52405 

63 

64 

•46738 

64 

65 

•40750 

... 

... 

65 

1905.]        On  the  Retrospective  Method  of  Valuation.  87 

0™     2iper-cent.  ^ 

CoBBECTIOX-NUMERATOB  for 

WHOLE-LIFE   ASSURANCE    ey   LIMITED   PAYMENTS 

DTTIDED    BT    1000. 


Number  of  Payments 

Age 
at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

41  101 

23384 

14691 

9-6117 

1  6-3498 

20 

21 

39880 

22620 

14-156 

9-2151 

6-0474 

21 

22 

38-674 

21-867 

13-629 

8-8245 

5'7503 

22 

23 

37493 

21-129 

13-112 

8-4427 

5-4608 

23 

24 

36326 

20-400 

12603 

8-0673 

5-1768 

24 

25 

35'177 

19-682 

12103 

7-6987 

4-8993 

25 

26 

34046 

18976 

11-610 

7-3374 

46281 

26 

27 

32-929 

18281 

11-127 

6-9S30 

43635 

27 

28 

31830 

17595 

10-651 

66356 

4-1054 

28 

29 

30.746 

16-921 

10-183 

6-2955 

38539 

29 

30 

29674 

16256 

97239 

5-9622 

3-6089 

30 

31 

2S-619 

15-602 

9-2721 

5-6362 

3-3712 

31 

32 

27-577 

14955 

8-8286 

5-3173 

3-1402 

32 

33 

26-548 

14-320 

83931 

5-0060 

2-9164 

33 

34 

25535 

13-696 

7-9656 

4-7022 

2-7000 

34 

35 

24-533 

13-080 

7'5476 

4-4066 

24914 

35 

36 

23-545 

12-474 

7-1371 

4-1183 

2-2903 

36 

37 

22-570 

11-878 

6-7357 

3-8386 

2-0972 

37 

38 

21-609 

12293 

63128 

3-5671 

1-9123 

3S 

39 

20-660 

10717 

5-9592 

33042 

1-7357 

39 

40 

19725 

10-153 

5-5S52 

3-0504 

1'5677 

40 

41 

18-804 

9-5991 

5-2210 

2-S057 

1-4085 

41 

42 

17-898 

90569 

4-8665 

25705 

12582 

12 

43 

17007 

8-5267 

4-5230 

2-3452 

1-1171 

43 

44 

16129 

8-0076 

4-1898 

21299 

•98512 

44 

45 

15-268 

7-5014 

3S679 

1-9248 

•S624S 

45 

46 

14-422 

7-00S4 

3-5573 

1-7303 

46 

47 

13-594 

65287 

3-2592 

1-5466 

47 

48 

12-784 

60633 

2-9729 

1-3740 

48 

49 

11-991 

5-6128 

2  6997 

1-2124 

49 

50 

11-218 

5-1770 

2-4392 

1-0622 

50 

51 

10-465 

4-7566 

21924 

51 

52 

97328 

4-3531 

1-9592 

52 

53 

90230 

3-9669 

1-7402 

... 

53 

54 

8-3360 

3-5980 

1-5353 

54 

55 

7-6727 

3-2466 

1-3447 

55 

56 

7-0351 

2-9141 

56 

57 

6-4227 

2-6006 

57 

58 

5-8377 

2-3065 

58 

59 

5-2801 

20318 

59 

60 

4-7511 

1-7768 

60 

61 

4-2514 

61 

62 

3-7816 

... 

62 

63 

3-3423 

... 

63 

64 

2-9335 

... 

64 

65 

2-5556 

65 

88  On  the  Retrospective  Method  of  Valuation.  [Jan. 

0(MJ     2|  per-cent.  Log  t\x] 

LOO   OF    CORKECTION-NuMEIiATOE  for 

WHOLE-LIFE   ASSURANCE   by   LIMITED   PAYMENTS. 


Age 
at 

Number  of  Payments 

Ape 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

4*53285 

4-28627 

4-08263  ] 

389649 

3-71412 

20 

21 

•51938 

•27149 

•06616 

•87783 

■6'.'2m; 

21 

22 

"5057i  i 

•2564S 

•04940 

•85875 

•67070 

22 

23 

•49196 

•24122 

•03230  : 

•83920 

■64793 

23 

24 

•47794 

•22571 

■01480 

•81916 

•62444 

24 

25 

•46369 

•20989 

399694 

•79859 

•60022 

25 

26 

•44921 

•19373 

•97865  , 

•77744 

•57522 

26 

27 

•43449 

•17728 

•95993  1 

"75567 

•54936 

27 

2S 

•41948 

•16043 

•94070 

"73327 

•52260 

28 

29 

■4041? 

•14322 

•92095 

•71015 

•49487 

29 

30 

•38855 

•12558 

•90067 

•6S628 

•46611 

30 

31 

•37260 

•10750 

•87977 

•66161 

•43622 

31 

32 

•35628 

•08896 

•85828 

•63610 

•40514 

32 

33 

•33956 

•06991 

•83610 

•60966 

•37276 

33 

34 

•32243 

•05029 

•81319 

•58226 

•33902 

34 

35 

•30487 

•03011 

•78953 

•55379 

•30381 

35 

36 

■28683 

•00933 

•76506 

•52419 

•26700 

36 

37 

•26827 

3-93789 

•73971 

•49342 

•2281s 

37 

38 

•24918 

•96573 

•71340 

■46130 

•18809 

38 

39 

•22952 

•94287 

•68611 

■42785 

•14573 

39 

40 

•20923 

•91918 

•65774 

•39289 

•10124 

40 

41 

•1S829 

•S9162 

•62825 

•35632 

05441 

41 

42 

■16666 

•85919 

•59751 

•31806 

•00512 

42 

43 

•14429 

•S4279 

•56549 

•27796 

295312 

43 

44 

•12110 

•81531 

•53202 

•23584 

•89817 

44 

45 

•09709 

•78676 

•49707 

•19159 

•84006 

45 

46 

07221 

•75703 

•46050 

14502 

46 

47 

•04631 

•72606 

•42222 

•09599 

47 

48 

•01942 

•69373 

•3S208 

■04425 

48 

49 

399143 

•65994 

•33990 

2-98957 

49 

50 

•96229 

■62162 

•29559 

•93179 

50 

51 

•93191 

•58764 

•24S97 

51 

52 

•90021 

•54391 

•19985 

52 

53 

•86709 

•50825 

•14801 

53 

54 

•83246 

•46557 

•09328 

54 

55 

•79625 

•42073 

•03539 

55 

56 

•75827 

•37348 

56 

57 

•71850 

•32375 

57 

58 

•67672 

•27128 

58 

59 

•63284 

■21584 

59 

60 

•58670 

•15729 

60 

61 

•53812 

... 

61 

62 

•4S693 

62 

63 

•43294 

63 

64 

•37592 

64 

65 

•31567 

... 

65 

1905.]         On  the  Retrospective  Method  of  Valuation. 
0M     2f  per-cent. 


89 
1000 


CORRECTION-NUMERATOR  for 

WHOLE-LIFE   ASSURANCE    by  LIMITED   PAYMENTS 

DIVIDED    BY    1000. 


Number  of  Payments 

A°:e 
at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

34-108 

19332 

12-096 

7-8793 

5-1811 

20 

21 

33-066 

18-685 

11-646 

7-5480 

4-9301 

21 

22 

32-015 

18-050 

11-205 

7-2235 

4-6849 

22 

23 

31-043 

17-427 

10-772 

6-9056 

4-4456 

23 

24 

30-057 

16816 

10-347 

6-5942 

4-2115 

24 

25 

29-086 

16-214 

9-9298 

6-2891 

3-9831 

25 

26 

28-133 

15622 

9-5203 

59902 

3-7603 

26 

27 

27195 

15041 

91186 

5-6973 

3-5429 

27 

28 

26-271 

14-469 

8-7237 

5-4109 

3-3312 

28 

29 

25-361 

13907 

8-3359 

5-1304 

31251 

29 

30 

21-465 

13-353 

7'9555 

4-8560 

2-9249 

30 

31 

23-583 

12-809 

7-5818 

4-5879 

2-7304 

31 

32 

22-713 

12-273 

7-2157 

4-3261 

2-5418 

32 

33 

21-855 

11-747 

68565 

4-0706 

2-3592 

33 

34, 

21-010 

11-228 

6-5041 

3-8217 

2-1828 

34 

35 

20-178 

10-718 

61593 

3-5792 

2-0128 

35 

36 

19357 

10-217 

5-8218 

3-3434 

1-8493 

36 

37 

18-547 

9-7250 

5-4917 

3-1147 

1-6923 

37 

38 

17-749 

9-2412 

5-1689 

2-8927 

1-5420 

38 

39 

16961 

8-7674 

4-8541 

2-6782 

1-3987 

39 

40 

16-189 

8-3019 

4-5472 

2-4711 

1-2625 

40 

41 

15-427 

7-8455 

4-2486 

2-2715 

11335 

41 

42 

14-678 

7-2309 

3-9583 

2-0800 

10119 

42 

43 

13-941 

6-9629 

3-6770 

1-8965 

•89768 

43 

44 

13-216 

65360 

3-4042 

1-7212 

•79099 

44 

45 

12-505 

61201 

31410 

1-5545 

•69193 

45 

46 

11-809 

5-7152 

2-8874 

1-3964 

46 

47 

11125 

53218 

26437 

1-2474 

47 

48 

10-457 

4-9400 

2-4103 

1-1073 

48 

49 

9-8046 

4-5703 

2-1873 

•97627 

49 

50 

9-1683 

4-2133 

1-9751 

•85465 

50 

51 

8-5489 

3-8694 

1-7741 

51 

52 

7-9471 

35392 

1-5843 

'.'.'. 

52 

53 

73636 

3-2229 

1-4061 

53 

54 

6-7992 

2-9213 

1-2396 

51 

55 

6-2553 

2-6347 

1-0849 

55 

56 

5-7315 

2-3631 

56 

57 

5-2300 

2-1074 

57 

58 

4-7503 

1-8676 

58 

59 

4-2938 

1-6438 

59 

60 

3-8610 

1-4364 

... 

60 

61 

3-4524 

61 

62 

3-0685 

62 

63 

2-7098 

63 

64 

2-3764 

64 

65 

20686 

" 

65 

90  On  the  Retrospective  Method  of  Valuation.  [Jan. 

Omi     3  per-cent.  Log  (\x] 

Log  of  Cohhection-Numeratoh  for 
WHOLE-LIFE   ASSURANCE   by  LIMITED   PAYMENTS. 


Number  of  Tajnneuts 

Aj;c 
at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

4-45327 

4-20491 

399943 

3-81132 

3-62712 

20 

21 

•43916 

•18981 

•98266 

•79235 

•60524 

21 

22 

•42548 

•17450 

•96556 

•77293 

•58277 

22 

2^ 

•41131 

•15886 

•94812 

•75304 

•55961 

23 

24 

•39693 

•14299 

•93027 

•73263 

•53577 

24 

25 

•38237 

•12685 

•91210 

•71175 

•51123 

25 

26 

•36758 

•11043 

•89352 

•69030 

•48591 

26 

27 

"35255 

•09365 

•87415 

■66823 

•45970  ■ 

27 

28 

•33724 

•07651 

•85495 

•64552 

•43264 

28 

29 

•32167 

•05904 

•S3493 

•62214 

•40463 

29 

30 

•30582 

•04117 

•81442 

•59800 

•37559 

30 

31 

•28956 

■02279 

•79326 

•57306 

•34538 

31 

32 

•27298 

•00401 

•77148 

•54726 

•31400 

32 

33 

•25605 

3-98470 

•74906 

•52057 

•28134 

33 

34 

•23869 

■964S8 

•72592 

•49290 

•24734 

34 

35 

•22089 

•94450 

•70202 

•46420 

•21182 

35 

36 

■20262 

■92346 

•67731 

•43433 

•17468 

36 

37 

•18385 

•90182 

•65171 

•40328 

•13586 

37 

38 

•16456 

•87945 

•62521 

•37094 

•09522 

38 

39 

•14467 

•85634 

•59766 

•33720 

•05251 

39 

40 

•12420 

•83244 

•56910 

•30199 

•00772 

40 

41 

•10306 

•80769 

•53935 

•26516 

2-96059 

41 

42 

■0S122 

•7b204 

•50839 

•22661 

•91094 

42 

43 

•05864 

■75541 

•47609 

•18620 

•85857 

43 

44 

•03528 

•72777 

•44241 

■14383 

•80332 

44 

45 

•01106 

•69900 

•40721 

•09928 

•74483 

45 

46 

3-98595 

■66905 

•37042 

•05241 

46 

47 

•95988 

•63785 

•33186 

•00308 

47 

48 

•93277 

•60524 

•29142 

2-95096 

48 

49 

•90458 

•57126 

•24898 

•89598 

49 

50 

•87520 

•53566 

•20436 

•83783 

50 

51 

•84462 

•49847 

•15747 

51 

52 

•81269 

•45944 

•10802 

52 

53 

•77931 

•41854 

•05583 

53 

54 

•74444 

•37558 

•00074 

54 

55 

•70798 

•33040 

294252 

55 

56 

•66977 

•28291 

56 

57 

•62967 

•23282 

57 

58 

•58763 

•17997 

58 

59 

•54345 

•12424 

59 

60 

•49699 

•06524 

60 

61 

•44808 

61 

62 

•39657 

62 

63 

•34220 

63 

64 

•28482 

64 

65 

•22417 

65 

1905.]        On  the  Retrospective  Method  of  Valuation. 
0IM1     3  per-cent. 


91 
1000 


COERECTION-XUMERATOR   for 

WHOLE-LIFE   ASSURAXCE  by   LIMITED   PAYMENTS 

DIVIDED    BY    1000. 


Number  of  Payments 

Age 
at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

28-397 

16-029 

99869 

6-4762 

1  2:576 

20 

21 

27-508 

15-481 

9-6086 

61994 

4-0294 

21 

22 

26637 

14-945 

92376 

5-9283 

3-8262 

22 

23 

25-782 

14-417 

8-8740 

5-6629 

3-6275 

23 

21 

24-942 

13-899 

85167 

54029 

3-4338 

24 

25 

24120 

13-392 

8-1677 

5-1493 

3-2451 

25 

26 

23312 

12-895 

7-8256 

49012 

30613 

26 

27 

22-519 

12-407 

7-4895 

4-6583 

2-8820 

27 

28 

21-739 

11-926 

7-1606 

4-4210 

2-7079 

28 

29 

20-973 

11-456 

6-8380 

4-1893 

2-5388 

29 

30 

20222 

10-994 

6-5226 

3-9628 

2-3746 

30 

31 

19-479 

10-539 

6-2124 

3-7416 

22150 

31 

32 

18-749 

10093 

5-9085 

35258 

2-0606 

32 

33 

18-032 

9-6538 

5-6113 

3-3157 

1-9113 

33 

34 

17-326 

9-2232 

5-3201 

3-1110 

1-7674 

34 

35 

16-630 

8-8004 

50352 

2-9121 

1-6286 

35 

36 

15915 

8-3842 

4-7567 

2-7185 

1-4951 

36 

37 

15-270 

7-9766 

4-4845 

2-5309 

1-3673 

37 

38 

14-607 

75762 

42190 

23493 

1-2451 

38 

39 

13-953 

7-1836 

3-9597 

2-1737 

1-1285 

39 

40 

13311 

67989 

37077 

2-0044 

1-0179 

40 

41 

12-678 

64223 

34622 

1-8415 

•91325 

41 

42 

12-056 

6-0510 

32240 

1-6850 

•81459 

42 

43 

11-446 

5-6939 

2-9929 

15353 

•72205 

43 

44 

10-846 

53428 

2-7696 

1-3926 

•63580 

44 

45 

10-258 

5-0003 

2-5539 

1-2568 

"55569 

45 

46 

9-6817 

4-6671 

2-3465 

1-1283 

46 

47 

91176 

4-3436 

21471 

1-0071 

47 

48 

8-5658 

4-0294 

1-9562 

•89322 

48 

49 

80275 

3-7261 

1-7741 

•78701 

49 

50 

7-5024 

3-4329 

1-6009 

•68838 

50 

51 

6-9923 

3-1512 

1-4370 

51 

52 

6-4967 

2-8803 

1-2824 

52 

53 

6-0160 

2-6214 

1-1372 

53 

54 

5-5519 

2-3745 

1-0017 

54 

55 

5-1043 

2-1399 

•87603 

55 

56 

4-6749 

1-9183 

56 

57 

4-2626 

1-7093 

57 

58 

3-8693 

1-5135 

58 

59 

3-4950 

1-3312 

59 

60 

3  1404 

1-1621 

60 

61 

2-8060 

61 

62 

2-4921 

62 

63 

2-1989 

63 

64 

1-9267 

64 

65 

1-6756 

65 

92 


On  the  Retrospective  Method  of  Valuation.  [Jan. 


Ow     Sh  per-cent.  Log  ^ 

Log  of  Cobbectiox-Numebatob  for 

WHOLE-LIFE   ASSURANCE   by   LIMITED   PAYMENTS. 


Number  of  Payments 

A. 

at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 
20 

20 

4-29850 

401645 

3-83698 

3-64-463 

3-4-V  _ 

21 

•28380 

•03045 

•81934 

•02482 

•43319 

21 

22 

•26892 

•01423 

•80138 

•60154 

•40984 

22 

23 

•25396 

3-99787 

•78317 

•58388 

•38591 

23 

24 

•23875 

•98118 

•76154 

•56269 

•36128 

24 

25 

•22344 

•96431 

■71564 

•54108  ! 

•33597 

25 

26 

•20794 

•94717 

•72637 

•51895  i 

•30993 

26 

■11 

•19218 

•92968 

•70664 

•49616  ! 

•28301 

27 

28 

•17619 

•91189 

•68643 

•47278 

•2552  1 

2^ 

29 

•15995 

•89376 

•66575 

•44869 

•22653 

29 

30 

•14340  ! 

■87522 

•64456 

•42390 

•19676 

30 

31 

•12660 

•85630 

•62284 

•39836  i 

•16592 

31 

32 

■10942 

•S36S8 

•60049 

•37194 

•13388 

32 

33 

•09190 

•81702 

•57748 

•34465 

•10054 

33 

34 

•07394 

•79660 

•55375 

•31633 

•06583 

34 

35 

•05564 

•77570 

•52931 

•28705 

■02968 

35 

36 

•03684 

•75418 

•50404 

•25661 

299191 

36 

37 

■01757 

•73199 

•47793 

•22499 

•95243 

37 

38 

3-99773 

■7091  9 

•45081 

•19201 

•91106 

38 

39 

•97736 

•68546 

■42278 

•15770 

•86771 

39 

40 

•95640 

•66110 

•39370 

12192 

•82221 

40 

41 

•93479 

•63584 

•36342 

•08448 

•77439 

41 

42 

•91249 

•60970 

•33192 

04533 

•72404 

42 

43 

•88945 

•58263 

•29912 

•00432 

•67096 

43 

44 

•86557 

•55443 

•26485 

296128 

•61487 

44 

45 

•84094 

•52522 

•22911 

•91611 

"55566 

45 

46 

•81536 

•49475 

•19176 

•86857 

46 

47 

•78S78 

•46299 

•15258 

•81S50 

47 

48 

•76122 

•42991 

•11159 

•76573 

48 

49 

•73257 

•39542 

•06856 

•71002 

49 

50 

•70273 

•35929 

•02332 

•65111 

50 

51 

■67162 

•32153 

297574 

51 

52 

•63916 

•28193 

•92559 

52 

53 

•60529 

•24042 

•87274 

53 

54 

•56990 

•19687 

•81693 

54 

55 

•53284 

•15106 

•75790 

55 

56 

•49407 

•10288 

56 

57 

•45339 

•05212 

57 

58 

•41073 

2-99859 

... 

58 

59 

•36588 

•94205 

... 

59 

60 

•31878 

•88232 

60 

61 

•26918 

61 

62 

•21693 

62 

63 

•16184 

63 

64 

•10368 

64 

65 

•04220 

65 

1905.]        On  the  Retrospective  Method  of  Valuation 
0m     3h  per-cent. 
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1000 

CORRECTIO'-NUMEBATOR  for 

WHOLE-LIFE  ASSURANCE   by   LIMITED   PAYMENTS 

DIVIDED    BY    1000. 


Number  of  Payments 

Age 
at 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

19-884 

11129 

6-8704 

4-4119 

28571 

20 

21 

19222 

10-726 

6-5969 

4-2152 

2-7114 

21 

22 

18-575 

10-333 

6-3297 

4-0229 

2-5694 

22 

23 

17-946 

9-9511 

6-0697 

3-8360 

24317 

23 

24 

17-328 

9-5759 

5-8149 

3-6533 

2-2976 

24 

25 

16-728 

9-2111 

5-5672 

3-4760 

2-1676 

25 

26 

16141 

88516 

5-3256 

3-3033 

2-0414 

26 

27 

15'566 

8-5051 

5-0891 

3-1344 

1-9187 

27 

28 

15003 

8-1638 

4-8577 

2-9702 

1-7999 

28 

29 

14-453 

7-8300 

4-6318 

2-8099 

1-6847 

29 

30 

13-912 

7-5027 

4-4112 

2-6540 

1-5731 

30 

31 

13-384 

7-1829 

4-1960 

2-5024 

1-4653 

31 

32 

12-865 

6-8688 

39856 

2-3547 

1-3611 

32 

33 

12-357 

6-5618 

37799 

2-2113 

1-2605 

33 

31 

11-856 

6-2604 

3-5789 

2-0717 

1-1637 

34 

35 

11-367 

5-9662 

3-3831 

1-9366 

1-0707 

35 

36 

10-885 

5-6778 

31918 

1-8056 

•98154 

36 

37 

10413 

5-3950 

3-0056 

1-6788 

•89625 

37 

38 

99479 

51179 

2-8236 

1-5560 

•81432 

38 

39 

9-4921 

4-8469 

2-6472 

1-4378 

•73741 

39 

40 

9-0118 

4-5825 

2-4757 

1-3241 

•66106 

40 

41 

8-6058 

43235 

2-3090 

1-2147 

•59483 

41 

42 

81750 

4-0710 

2-1474 

1-1100 

•52971 

42 

43 

7-7526 

3-8250 

1-9912 

10100 

•46377 

43 

41 

7-3379 

3'5815 

1-8401 

•91470 

•41197 

41 

45 

6-9333 

3-3514 

1-6948 

•82435 

•35947 

45 

46 

65367 

3-1243 

1-5551 

•73887 

46 

47 

61487 

2-9040 

11210 

•65842 

47 

48 

5-7706 

2-6910 

1-2930 

•58308 

48 

49 

5-4022 

2-4855 

1-1710 

•51289 

49 

50 

5-0435 

2-2871 

1-0552 

•44783 

50 

51 

4-6948 

2-0967 

•91567 

.  .  i 

51 

52 

4-3567 

1-9139 

•84254 

52 

53 

4-0299 

1-7395 

•74600 

53 

54 

3-7145 

1-5735 

•65604 

54 

55 

3-4107 

1-4160 

•57266 

55 

56 

31194 

1-2673 

... 

56 

57 

2-8405 

1-1275 

57 

58 

2-5747 

•99676 

58 

59 

2-3221 

•87508 

59 

60 

2-0834 

•76264 

60 

61 

1-8586 

61 

62 

1-6479 

... 

62 

63 

1-4516 

63 

64 

1-2696 

64 

65 

1-1020 

65 

94  On  the  Retrospective  Method  of  Valuation.  [Jan. 

0|M1     4  per-cent.  ^og^ 

LOG   OP    COEEECTION-NUMERATOIt  for 

WHOLE-LIFE   ASSURANCE   by  LIMITED   PAYMENTS. 


Number  of  Payments 

Age 
at 

Am 

at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

4-14932 

389323 

3-67948 

3-48259 

3-28902 

20 

21 

•13353 

•87618 

•66083 

•46173 

•26524 

21 

22 

•11768 

•85903 

•61192 

•44052 

•21096 

22 

23 

•10171 

•84164 

•62271 

■41891 

-'1606 

23 

24 

•08558 

•82408 

•60322 

•39685 

•19055 

24 

25 

•06937 

•80632 

•58346 

•37439 

•16435 

25 

26 

•05290 

•78823 

•56325 

•35128 

•13735 

26 

27 

•03633 

•76996 

•54271 

•32773 

•10965 

27 

28 

•01953 

•75138 

•52174 

•30357 

•08104 

28 

29 

•00248 

•73243 

•50032 

•27871 

•05152 

29 

30 

3-98518 

■71316 

•47836 

•25314 

•02094 

30 

31 

•96757 

•69344 

•45584 

•22679 

2-98929 

31 

32 

•94967 

•67334 

•43277 

•19964 

•95645 

32 

33 

•93149 

•65281 

•40911 

•17166 

■92241 

33 

34 

•91283 

•63172 

•38467 

•14260 

•88691 

34 

35 

•89388 

•61019 

•35959 

•11265 

•85002 

35 

36 

•87444 

•58798 

•33365 

•08152 

•81147 

36 

37 

•85449 

•56514 

•30686 

•04917 

•77121 

37 

38 

•83413 

•54170 

•27920 

•01559 

•72917 

38 

39 

•81312 

•51744 

•25049 

2-98057 

•68503 

39 

40 

•79156 

•49247 

•22072 

•94406 

•63873 

40 

41 

•76942 

•46670 

•18990 

•90600 

•59018 

41 

42 

•74654 

•43994 

•15777 

•86615 

•53901 

42 

43 

•72295 

•41225 

•12435 

•82444 

•48514 

43 

44 

•69850 

•38351 

•08946 

•78067 

•42822 

44 

45 

•67332 

•35368 

•05311 

•73482 

•36818 

45 

46 

•64718 

•32266 

•01508 

•6S654 

... 

46 

47 

•62007 

•29035 

2-97529 

•63571 

47 

48 

•59196 

•25669 

•93363 

•58217 

48 

49 

•56275 

•22158 

•88992 

•52568 

49 

50 

•53235 

•18487 

•84401 

•46595 

50 

51 

•50064 

•14641 

•79568 

51 

52 

•46763 

•10623 

•744  SI 

52 

53 

•43320 

•06408 

•69124 

53 

54 

•39717 

•01985 

•63463 

54 

55 

•35953 

2-97334 

•57481 

55 

56 

•32010 

•92445 

56 

57 

•27878 

•87296 

57 

58 

•23544 

•81865 

58 

59 

•18995 

•76134 

59 

60 

•14212 

•70079 

60 

61 

•09177 

61 

62 

•03878 

62 

63 

2-98288 

63 

64 

•92389 

64 

65 

•86159 

65 

1905] .        On  the  Retrospective  Method  of  Valuation. 


k[M] 


4  per-cent. 


95 

1000 


CoBRECTIO'-NuMERATOR  for 

WHOLE-LIFE   ASSURANCE   by  LIMITED   PAYMENTS 

DITIDED    BT    1000. 


Age 
at 

Number  of  Payments 

Age 
at 

Entry 

10 

15 

20 

25 

30 

Entry 

20 

14-103 

7'82u4 

4-7806 

3-0380 

1-9454 

20 

21 

13-600 

75193 

4-5796 

2-8955 

1-8418 

21 

22 

13112 

7-2282 

43845 

2-7575 

1-7416 

22 

23 

12-639 

6-9415 

4-1948 

2-6237 

1-6446 

23 

24 

12-178 

6-6693 

4-0107 

2-4937 

1-5508 

24 

25 

11-732 

6-4021 

3-8323 

2-3680 

1-4600 

25 

2G 

11-295 

6-1409 

3-6581 

2-2 153 

1-3720 

26 

27 

10-873 

5-8879 

3-4891 

21268 

1-2872 

27 

28 

10-460 

5-6413 

3-3246 

2-0117 

1-2051 

28 

29 

10057 

5-4005 

3-1646 

1-8993 

1-1260 

29 

30 

9-6615 

5-1661 

30086 

1-7912 

1-0494 

30 

31 

9-2805 

4-9367 

2-8565 

1-6857 

•97561 

31 

32 

8-9057 

4-7135 

2-7088 

1-5836 

•90459 

32 

33 

8-5406 

4-4958 

2-5651 

1-4848 

•83639 

33 

34 

8-1814 

4-2827 

2-4248 

1-3887 

•77074 

34 

35 

7-8321 

4-0756 

2-2887 

1-2961 

•70798 

35 

36 

7-4893 

3-8724 

2-1560 

1-2065 

•64784 

36 

37 

7-1530 

36740 

2-0270 

11199 

•59049 

37 

38 

6-8254 

3-4810 

1-9020 

1-0365 

•53601 

38 

39 

65031 

3-2919 

1-7803 

•95625 

•48421 

39 

40 

6-1881 

3-1079 

1-6623 

•87914 

•43524 

40 

41 

5-8806 

2-9289 

1-5485 

•80538 

•38921 

41 

42 

5-5788 

2-7538 

1-4380 

•73477 

•34595 

42 

43 

5-2838 

2-5837 

1-3315 

•66748 

•30559 

43 

44 

4-9946 

2-4183 

1-2287 

•60349 

•26805 

44 

45 

4-7132 

2-2578 

1-1301 

•54303 

•23344 

45 

46 

4-4379 

2-1021 

1-0353 

•48589 

46 

47 

4-1694 

1-9514 

•94469 

•43223 

47 

48 

3-9080 

1-8059 

•85828 

•38209 

48 

49 

3-6538 

1-6656 

•77610 

•33549 

■■ 

49 

50 

3-4068 

1-5306 

•69825 

•29238 

50 

51 

3-1669 

1-4009 

•62471 

... 

51 

52 

2-9351 

1-2771 

'55570 

52 

53 

2-7114 

1-1590 

•49118 

53 

54 

2-4956 

1-0468 

•43115 

54 

55 

2-2884 

•94046 

•37567 

55 

56 

2-0898 

•84033 

56 

57 

1-9001 

•74638 

57 

58 

1-7196 

•65864 

58 

59 

1-5486 

•57722 

59 

60 

1-3871 

•50210 

60 

61 

1-2353 

61 

62 

1-0934 

62 

63 

•96135 

62 

64 

•83925 

64 

65 

•72709 

65 

96 
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0CMJ     2£  per-cent.  Logk[x)7 

Log  of  Cobbection-Numebatob  for 
ENDOWMENT   ASSURANCE 

SECUBED    BY   ANNUAL    PbEMIXM   PAYABLE    THEOUGIIOUT    THE 
DUEATION    OF    THE    ASSTTEANCE. 


Age  at  Maturity 

Age 
at 

Age 

at 

Entry 

45 

50 

55 

60 

65 

Entry  j 

20 

440599 

422595    4 

04046 

384020 

3-61430 

20 

21 

•41796 

•23518 

04782 

•84629 

•61950 

21 

22 

•43063 

•24485 

05552 

•85262 

•62488 

22 

23 

•44411 

•25506 

06360 

•85922 

•63051 

23 

24 

•45S41 

•26582 

07204 

•86613 

•63634 

24 

25 

•47366 

•27719 

08090 

•87332 

•64241 

25 

26 

•48994 

•28920 

09019 

•88083 

■94874 

26 

27 

•50738 

•30189 

09997 

•88868 

•65530 

27 

28 

•52610 

•31536 

11025 

•89690 

•66215 

28 

29 

•54628 

•32969 

12208 

•90548 

•66927 

29 

30 

•56S12 

•34494 

13251 

•91448 

•67671 

30 

31 

•59183 

■36120 

14455 

92393 

•68446 

31 

32 

•61767 

•37862 

15729 

•93383 

•69255 

32  1 

33 

•64606 

•39730 

17079 

•94422 

•70098 

33 

34 

•67741 

•41742 

18513 

•95514 

•70979 

34 

35 

•71233 

•43918 

20039 

•96668 

•71903 

35 

36 

•46280  J 

21663 

•97879 

•72865 

36 

37 

•48856 

23402 

•99163 

•73873 

37 

38 

•51680 

25265 

4-00516 

•74933 

38 

39 

•54800 

27267 

•01950 

•76042 

39 

40 

•58274 

29432 

•03476 

•77207 

40 

41 

31779 

•05100 

•78436 

41 

42 

34337 

•06832 

•79728 

42 

43 

... 

37142 

•08687 

•81089 

43 

44 

40239 

•10677 

•82529 

44 

45 

... 

43686 

•12822 

•84056 

45 

46 

•15149 

•85676 

46 

47 

•17683 

•87499 

47 

48 

•20457 

•89242 

48 

49 

•23519 

•91217 

49 

50 

•26924 

•93340 

50 

51 

•95633 

51 

52 

•98127 

52 

53 

4-00855 

53 

54 

■03863 

54 

55 

•07204 

55 

Foe  ENDOWMENT  ASSURANCE  by 
LogKM7  Single  Pbemilm.  LogKW(j 


At  all 
Ages 

4-04019 

390813 

3-75839 

3-58477 

3-37831 

At  all 
Ages 

1905.]        On  the  Retrospective  Method  of  Valuation. 
Om     2£  per-cent. 
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k[*]T| 
1000 


CORRECTION-NUMERATOR  for 

ENDOWMENT   ASSURANCE 

SECURED   BT   ANNUAL    PREMIUM   PAYABLE    THROUGHOUT   THE 
DURATION    OF    THE    ASSURANCE — DITIDED    BT    1000. 


Age  at  Maturity 

Age 
at 

Age 

at 

Entry 

45 

50 

55 

60 

65 

Entry 

20 

25-468 

16-825 

10-976 

6-9215 

41143 

20 

21 

26-179 

17-186 

11-164 

7-0192 

41639 

21 

22 

26-954 

17-573 

11-364 

71223 

4-2158 

22 

23 

27-804 

17-991 

11-577 

7-2314 

42708 

23 

2-1 

2S735 

18-443 

11-804 

7-3473 

4-32S5 

24 

25 

29-762 

1S-932 

12-048 

74700 

4-3894 

25 

26 

30-899 

19463 

12-308 

7-6003 

4-4539 

26 

27 

32165 

20-010 

12588 

7-7389 

45217 

27 

28 

33-581 

20-671 

12-890 

7*8868 

4-5936 

28 

29 

35-179 

21-364 

13-246 

8-0441 

46695 

29 

30 

36-993 

22-128 

13-568 

82126 

4-7502 

30 

31 

39069 

22-972 

13-949 

83932 

4-8357 

31 

32 

41-464 

23912 

14-364 

8-5868 

49266 

32 

33 

44-265 

24-963 

14-818 

8-7947 

50232 

33 

31 

47578 

26-147 

15-315 

9-0186 

5-1261 

34 

35 

51-562 

27490 

15863 

9-2615 

5-2364 

35 

36 

29-027 

16-468 

9-5234 

5'3537 

36 

37 

30801 

17-140 

9-8091 

5-4794 

37 

38 

32-870 

17-892 

10-120 

5-6147 

38 

39 

35-318 

18-736 

10459 

5-7600 

39 

40 

38-260 

19-693 

10-833 

5-9166 

40 

41 

20-787 

11-246 

6-0864 

41 

42 

22-048 

11-704 

62702 

42 

43 

23-519 

12-214 

6-4698 

43 

44 

25-257 

12-787 

6-6879 

44 

4.5 

27-344 

13-434 

6-9272 

45 

46 

14-174 

7-1905 

46 

47 

15-026 

7-4988 

47 

48 

16017 

7-8058 

48 

49 

17-187 

8-1690 

49 

50 

18-588 

8-5783 

50 

51 

9-0434 

51 

52 

9-5779 

52 

53 

10-199 

53 

54 

10-930 

54 

55 

11-804 

55 

%£  For  ENDOWMENT  ASSURANCE  by 

10l)0  Single  Premium. 
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1000 
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i 
At  all 
Ages 

VOL.  XXXIX. 


98  On  the  Retrospective  Method  of  Valuation.  [Jan. 

0[M|     21  per-cent.  Logk[x]7l 

LOO   OF    COEBECTION-NUMEEATOE  for 

ENDOWMENT   ASSURANCE 

SECUEED    BY    ANNUAL    PbEMIUM   PAYABLE    TIIBOUGIIOUT    TUE 
DUBATION    OF    THE    AsSUBANCE. 


Ago  at  Maturity 

Ago 
at 

Age 

at 

Entiy 

45 

50 

55 

60 

65 

Entry 

20 

4-35660 

417453 

3-98681 

3-78413 

355552 

20 

21 

•36818 

•18339 

•99385 

•78990 

■56041 

21 

22 

•38047 

•19270 

4-00119 

•79592 

•56553 

22 

23 

•39350 

•20255 

•00893 

•80220 

•57086 

23 

24 

•40742 

•21293 

•01701 

•80878 

•57638 

24 

25 

•42224 

•22389 

•02552 

•81564 

•58214 

25 

26 

•43813 

•23550 

•03445 

•82282 

•58815 

26 

27 

•15513 

•24783 

•01387 

•83033 

•59441 

27 

28 

•47345 

•26091 

•05378 

•83821 

•60093 

28 

29 

•49320 

•27482 

•06425 

•84614 

•60775 

29 

30 

•51458 

•28967 

•07528 

■85511 

•61486 

30 

31 

•53783 

•30553 

•08695 

•86417 

•62227 

31 

32 

•56326 

•32251 

•09929 

•87371 

•63002 

32 

33 

•59118 

•34077 

11241 

•88375 

•63813 

33 

34 

•62208 

•36046 

•12635 

•89430 

•64660 

31 

35 

•65653 

•38177 

•14119 

•90545 

•65547 

35 

36 

•40196 

•15703 

•91719 

•66475 

36 

37 

•43026 

•17398 

•92962 

•67450 

37 

38 

•45807 

•19219 

•94278 

•68472 

38 

39 

•48882 

•21183 

•95674 

•69545 

39 

40 

•52308 

•23303 

•97159 

•70674 

40 

41 

■25606 

•98744 

•71861 

41 

42 

•28121 

4-00434 

•73119 

42 

43 

•30881 

•02248 

•74443 

43 

44 

•33932 

•04199 

•75846 

44 

45 

•37334 

•06301 

•77332 

45 

46 

•08585 

•78914 

46 

47 

•11075 

•80599 

47 

48 

•13805 

•82398 

48 

49 

•16821 

•84330 

49 

50 

•20181 

•86414 

50 

'     51 

•88667 

51 

52 

•91119 

52 

53 

•93804 

53 

54 

•96766 

54 

55 

4-00067 

55 

Foe  ENDOWMENT  ASSURANCE  by 

LogKM7]  Single  Pbemium. 


At  all 
Ages 


4-02020 


3-88436 


3-73078 


355329 


3-31292 


1905.]         On  the  Retrospective  Method  of  Valuation. 
Om     2f  per-cent. 

CoREECTIOX-XuMERATOB  for 


99 


1000 


ENDOWMENT  ASSUKAXCE 

SKCURED    BY    A>WUAL    PREMIUM    PAYABLE    THROUGHOUT    THE 
DURATION    OF    THE    ASSURANCE — DITIDED    BY    1000. 


Age  at  Maturit 

■ 

Age 
at 

Age 
at 

Entry 

45 

50 

55 

60 

65 

Entry 

20 

22-730 

14-946 

9-7009 

60832 

35935 

20 

21 

23341 

15254 

9-8594 

6-1645 

3-6345 

21 

22 

24-014 

15-585 

10-027 

6-2506 

3-6773 

22 

23 

24-746 

15-942 

10208 

6-3416 

3-7227 

23 

24 

25*552 

1632S 

10-399 

6-4384 

3-7703 

24 

25 

26-439 

16745 

10-605 

65409 

38207 

25 

26 

27-424 

17-199 

10-826 

6-6500 

3-8739 

26 

27 

28-519 

17-694 

11-063 

6-7660 

3-9302 

27 

28 

29-747 

18-235 

11-318 

6-8899 

3  9S96 

28 

29 

31-131 

18-829 

11-594 

70217 

4-0528 

29 

30 

32-702 

19-484 

11-893 

7-1632 

41196 

30 

31 

34-501 

20-208 

12-217 

7-3143 

4-1905 

31 

32 

36581 

21-014 

12569 

7-4767 

42660 

32 

33 

39010 

21916 

12-954 

7-6516 

4-3164 

33 

34 

41-887 

22-933 

13-377 

7-8397 

4-4320 

34 

35 

15345 

24-086 

13-842 

80436 

4-5235 

35 

36 

25-407 

11-356 

8-2640 

4-6211 

36 

37 

• 

26-931 

14-927 

8-5039 

47261 

37 

38 

28-712 

15  '566 

87656 

t-8386 

3-. 

39 

30-819 

16-287 

90519 

4-9596 

39 

40 

33-349 

17-101 

9-3668 

5-0903 

40 

41 

I  18-033 

9-7149 

5-2317 

41 

12 

19108 

10-100 

5-3851 

42 

43 

20-362 

10-531 

5-5518 

43 

44 

21-843 

11-015 

5-7340 

41 

45 

23623 

11-561 

59336 

45 

46 

12-186 

61538 

46 

47 

12-905 

6-3972 

47 

4S 

13742 

66678 

48 

49 

14-730 

6-9711 

49 

50 

• 

15-915 

7-3137 

50 

51 

• 

. 

7-7032 

51 

52 

81506 

52 

53 

: 

8-6704 

53 

51 

- 

'.'■2824 

54 

55 

10-015 

55 

Foe  ENDOWMENT    ASSURANCE  by  K.  ■ 

Sixgle  Premium.  1000 


10-47 


■6623 


53799 


3-5751 


2-2025 
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0[MI     3  per-cent.  Log  k[x 

Log  op  Correction-Numerator  for 
ENDOWMENT   ASSUUA.NCE 

SECURED    BY   ANNUAL    PREMIUM   PAYABLE   THROUGHOUT    THE 
DURATION    OF    THE    ASSURANCE. 


LogK 


[x]t\ 


Age  at  Maturity 

Age 

Age 
at 

at 

Entry      4 

5 

50 

55 

60 

65 

Entry 

20    4-3C 

741    41 

2321 

3-93320 

3-72799 

3-49661 

20 

21     -31 

859     -1 

3172 

•93989 

■73347 

■50124 

21 

22     -33 

050     -1 

4071 

•94694 

•73920 

•50607 

22 

23     -34 

317     -1 

5017 

•95433 

•74517 

•51109 

23 

24     '35 

668     -1 

6019 

•96208 

•75141 

•51634 

24 

25     -37 

113     -1 

7078 

•97026 

•75797 

•52182 

25 

26     -35 

658     -1 

8202 

•97885 

•76481 

•52753 

26 

27     -4C 

317    -1 

9393 

•98789 

•77201 

•53347 

27 

28     -42 

107     -2 

0664 

•99745 

•77956 

•53970 

28 

29     -44 

040     -2 

2016 

4-00753 

•78747 

•54621 

29 

30     -4C 

136     -2 

3461 

•01819 

•79578 

•55299 

30 

31     -45 

416     -2 

5005 

■02950 

•80451 

■56010 

31 

32     -5C 

914     -2 

6664 

•04147 

•81370 

•56752 

32 

33     -53 

663     -2 

8450 

•05421 

•82337 

•57529 

33 

34     -56 

707     -3 

0376 

•06775 

•83357 

•58345 

34 

35     -6C 

105     -3 

2466 

•08218 

•84436 

•59198 

35 

36 

•3 

1739 

•09765 

•85574 

•60093 

36 

37 

•3 

7226 

•11421 

•86778 

•61032 

37 

38 

•3 

9962 

•13201 

•88058 

•62021 

38 

39 

•4 

2991 

•15121 

•89415 

•63057 

39 

40 

■4 

5373 

•17197 

•90863 

64152 

40 

41 

•19460 

•92406 

•65306 

41 

42 

•21929 

•94056 

•66523 

42 

43 

•24645 

•95830 

•67811 

43 

44 

•27652 

•97738 

•69176 

44 

45 

•31008 

•99802 

•70623 

45 

46 

4-02043 

•72167 

46 

47 

•04489 

•73815 

47 

48 

•07177 

•75575 

48 

49 

•10148 

•77469 

49 

50 

•13163 

•79509 

50 

51 

•81722 

51 

52 

•84131 

52 

53 

•86774 

53 

54 

•89694 

54 

55 

•92950 

55 

For  ENDOWMENT   ASSURANCE  by 

Single  Premium.  LogK[x]j\ 


At  all 

Ages 

3-99709 

3-85731 

3-69986 

3-91848 

3-30418 

At  all 
Ages 

1905.]        On  the  Retrospective  Method  of  Valuation. 
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1000 


CoBRECTIOX-NUMEBATOB  for 

ENDOWMENT   ASSURANCE 

SECURED    BY    AXSXAL    PfiEMIUM    PAYABLE    THBOUGHOUT    THE 
DUEATIOX    OF    THE    ASSURANCE — DIVIDED    BY    1000. 


Age  at  Maturity 

A  _■ ! 
at 

Age 
at 

Entry 

45 

50 

55 

60 

65 

Entry 

20 

20296 

13280 

8-5743 

5'3455 

3-1377 

20 

21 

20-825 

13-543 

8-7074 

5-4134 

31713 

21 

22 

21-404 

13-826 

8-8499 

5-4853 

3-2068 

22 

23 

22038 

14-131 

9-0018 

5-5612 

3-2441 

23 

24 

22734 

14-461 

91639 

5-6417 

32835 

24 

25 

23-503 

14-818 

9-3381 

5-7276 

33252 

25 

26 

2  1-355 

15-206 

9-5247 

5-8185 

3-3692 

26 

27 

25  303 

15  629 

9-7250 

5-9158 

34156 

27 

28 

26-368 

16093 

9-9415 

6-0195 

3-4650 

28 

29 

27-568 

16602 

10-175 

6-1301 

3-5173 

29 

30 

28-931 

17-164 

10-428 

62486 

3-5726 

30 

31 

30-490 

17'785 

10-703 

6-3754 

36316 

31 

32 

32-295 

18-477 

11-002 

6-5118 

3-6942 

32 

33 

34-406 

19-253 

11-329 

66584 

37609 

33 

3-4 

36904 

20126 

11-688 

68166 

38322 

3  4 

3-5 

39907 

21-118 

12-083 

6-9881 

3-9082 

35 

36 

22-253 

12-521 

7-1736 

3-9896 

36 

37 

23565 

13-008 

7-3753 

40768 

37 

38 

25097 

13-552 

75959 

41707 

38 

39 

26-910 

14-165 

7-8370 

4-2714 

39 

40 

29-089 

14-858 

S-1027 

4  3  505 

40 

41 

15653 

8-3958 

4-4984 

41 

42 

16-569 

8-7209 

46263 

42 

43 

17-638 

9-0845 

47655 

43 

44 

18-903 

94925 

4-9177 

44 

45 

20-421 

9-9545 

5-0843 

45 

46 

10-482 

5-2683 

46 

47 

11-089 

5  4720 

47 

■  48 

11-797 

5-6984 

48 

49 

12-632 

5-9524 

49 

50 

" 

13-634 

62386 

50 

51 

65648 

51 

52 

6-9392 

52 

53 

7-3746 

53 

54 

7-8875 

54 

55 

... 

... 

8-5016 

55 

KMF  Fob  ENDOWMENT   ASSURANCE  by  E^y 

1000  Single  Premium.  1000 


AtaB 

9-9332 

7-1996     5-0102     3-2998     2-0146 

1 

AtaB 

Ages  I 
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OlM1     3  2  per-cent.  Logk(l)^ 

Log  of  Correction-Numerator  for 

ENDOWMENT  ASSURANCE 

secured  by  Annual  Premium  payable  throughout  the 

duration  of  TnE  Assurance. 


Age  at  Maturity 

Age 
a1 

Age 
at 

Entry 
20 

45 

50 

55 

60 

65 

Entry 

4-20968 

4-02097 

3-82608    3 

61558 

3-37837 

20 

21 

•22017 

•02882 

•83218 

62050 

•38250 

21 

22 

•23131 

•03711 

•83859 

62564 

•38680 

22 

23 

•24325 

•04588 

•84535 

63104 

•39130 

23 

24 

•25598 

•05521 

•85247 

63672 

•39602 

24 

25 

•26965 

•06509 

•85998 

64268 

•40093 

25 

26 

•28435 

•D7562 

•86790 

64894 

•40610 

26 

27 

•30012 

•08679 

•87631 

65551 

•41149 

27 

28 

•31719 

•09873 

•88517 

66242 

•41716 

28 

29 

•33572 

•11152 

•89457 

66969 

•42308 

29 

30 

•35583 

•12517 

•90451 

07737 

•42929 

30 

31 

•37779 

•13984 

•91510 

68544 

•43580 

31 

32 

•40190 

■15563 

•92634 

69395 

■44260 

32 

33 

•42850 

•17269 

•93835 

70295 

•44977 

33 

34 

•45804 

•19113 

•95113 

71248 

•45728 

34 

35 

•49114 

•21120 

•96481 

72255 

•46518 

35 

36 

•23309 

•97949 

73324 

•47349 

36 

37 

•25710 

•99526 

74458 

•48224 

37 

38 

•28358 

4-01226 

75662 

•49144 

38 

39 

•31299 

•03066 

76948 

•50115 

39 

40 

•34591 

•05061 

78321 

•51143 

40 

41 

•07239 

79785 

•52225 

41 

42 

•09624 

81359 

•53374 

42 

43 

•12254 

83054 

•54591 

43 

44 

•15173 

84881 

•55883 

41 

45 

•18410 

86868 

•57257 

45 

46 

... 

89025 

•58727 

46 

47 

91388 

•60295 

47 

48 

93990 

•61981 

48 

49 

96876 

•63797 

49 

50 

4 

00104 

•65761 

50 

51 

•67894 

51 

52 

•70221 

52 

53 

•72782 

53 

54 

•75618 

54 

55 

•78787 

55  , 

For  ENDOWMENT  ASSURANCE  by 
LogKM7]  Single  Premium.  LogKw,| 


At  all 

Ages 

394323 

3-79559 

3-63031    3-44109 

3-21887 

At  all 
Ages 

1905.]         On  the  Retrospective  llethod  of  Valuation. 
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k;  ■- 

1000 


COEBECTIOX-NlTMERATOR  for 

ENDOWMENT   ASSURANCE. 

SECUEED    BY    AjTETOAI    PeEMITM    PAYABLE    THEOUGHOUT    THE 
DTTBATIOX   OF    THE   ASSURANCE — DIYIDED    BY    1000. 


Age  at  Maturity 

Age 

at 

Age 
at 

Entry 

45 

50 

55 

60 

65 

E  :.-."." 

20 

16206 

10-495 

6-7001 

41265 

2-3898 

20 

21 

16-602 

10686 

6-7949 

4-1735 

2-4127 

21 

22 

17035 

10-S92 

6-8959 

42232 

24367 

22 

23 

17-509 

11-111 

7-0041 

4-2760 

2-4621 

23 

24 

18029 

11-356 

7-1198 

43323 

2-4890 

24 

25 

18606 

11-617 

7-2440 

43922 

2-5173 

25 

26 

19-246 

11-902 

7-377:5 

4  4559 

2-5474 

26 

-7 

19-958 

12212 

75216 

4-5239 

2-5792 

27 

28 

20-758 

12-552 

70766 

4-5964 

26131 

28 

29 

21-663 

12928 

7-8446 

46740 

2  6490 

29 

30 

22690 

13340 

8-0262 

47574 

2-6371 

30 

31 

23-867 

13-799 

8-2243 

4-8466 

2-7277 

31 

32 

25-229 

14-310 

8-4400 

4-9425 

2-7708 

32 

33 

26823 

14-883 

8-6766 

5-0460 

2-8169 

33 

34 

28-710 

15-529 

8-9357 

51580 

2-8660 

34 

35 

30-984 

16-263 

9-2217 

5-2790 

2-9186 

35 

36 

17-101 

9-5387 

5-4105 

2-9750 

36 

37 

•• 

18076 

9-8915 

5'5537 

30356 

37 

38 

19-212 

10-286 

5-7098 

31006 

38 

39 

20-553 

10-731 

5-8814 

31707 

39 

40 

22177 

11-236 

703 

3  2466 

40 

41 

11-814 

6-27-1 

3-3283 

41 

42 

12-481 

6-5101 

3-4177 

42 

43 

13-260 

6-7692 

3-5149 

43 

44 

14-182 

70601 

3-6210 

44 

45 

15-290 

7-3906 

3-7374 

45 

46 

77669 

3-8661 

40 

47 

8-2012 

4-0082 

47 

48 

8-7076 

41669 

48 

49 

9-3059 

4-344-5 

49 

50 

10  024 

4-5458 

50 

51 

47746 

51 

52 

5-0374 

52 

53 

5-3434 

53 

54 

5-7040 

54 

55 

6-1358 

55 

Foe  ENDOWMENT    ASSURANCE  by  K:,:t 

Single  Premium:.  1000 


8-7746 


6-245S 


4-26SS 


2-7611 


1-6553 


At  all 
Agea 
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0™     4  per-cent.  Logk[x)7t 

LOO   OF    CORRECTION-NUMERATOR  for 

ENDOWMENT  ASSURANCE 

SECURED   BY   ANNUAL    PREMIUM    PAYABLE   THROUGHOUT   THE 
DURATION    OF    THE    ASSURANCE. 


Age  at  Maturity 

Age 

at 

Age 
at 

Entry 

45 

50 

55 

60 

65 

Entry 

20 

4-11280 

391923 

371910 

3-50297 

325967 

20 

21 

•12258 

•92645 

•72462 

•50738 

•26332 

21 

22 

•13302 

•93409 

•73049 

•51200 

•26717 

22 

23 

•14425 

•94223 

•73667 

•51690 

•27121 

23 

24 

•15627 

•95089 

•74319 

•52202 

•27544 

24 

25 

•16919 

•96012 

•75008 

•52744 

•27987 

25 

26 

•18310 

•96993 

•75740 

•53313 

•28452 

26 

27 

•19817 

•98045 

•76517 

•53915 

•28941 

27 

28 

•21446 

•99169 

•77339 

•54549 

•29453 

28 

29 

•23213 

400371 

•78213 

•55216 

•29991 

29 

30 

•25145 

•01665 

•79143 

•55923 

•30559 

30 

31 

•27258 

•03057 

•80132 

•56671 

•31154 

31 

32 

•29586 

•04560 

•81190 

•57460 

•31782 

32 

33 

•32162 

•06190 

•82317 

•58297 

•32439 

33 

34 

•35030 

•07955 

•83525 

•59185 

•33134 

34 

35 

•38250 

•09881 

•84821 

•60127 

•33864 

35 

36 

•11986 

•86214 

•61129 

•34635 

36 

37 

•14304 

•87714 

•62192 

•35447 

37 

38 

•16868 

•89340 

•63332 

•36307 

38 

39 

•19724 

•91098 

•64545 

•37214 

39 

40 

•2: 

1927 

•92977 

•65843 

•38177 

40 

41 

•95112 

•67240 

•39195 

41 

42 

•97416 

•68737 

••J0275 

42 

43 

•99963 

•70358 

•41425 

43 

44 

4-02796 

•72108 

•42650 

44 

45 

•05976 

•74014 

•43955 

45 

46 

•76092 

•45354 

46 

47 

•78375 

•46851 

47 

48 

•80895 

•48462 

48 

49 

•83697 

•50203 

49 

50 

•86839 

•52091 

50 

51 

•54145 

51 

52 

•56395 

52 

53 

•58875 

53 

54 

•61628 

54 

55 

•64714 

55 
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lie"]     3-88184 

372621 

3-55299 

3-35583 

312563 

At  all 
Ages 
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1000 


COEBECTTOX-NUMEBATOB  for 

ENDOWMENT   ASSURANCE 

SECTEED    BY    A>>UAL    PeEMIUM    PAYABLE    TlIEOrGHOfT    IUE 
DUEATIO>~    OF    THE    ASSURANCE — DIVIDED    BY    1000. 


Age 
at 

.:  Maturity 

Entry 

45 

50 

55 

60 

65 

20 

12966 

8-302 

5-2   7- 

3*1840 

1-5183 

20 

21 

13-261 

8-4421 

5-3042 

3-2165 

1-8337 

21 

22 

13-584 

8-5919 

53764 

3-2509 

1-8500 

22 

23 

13-940 

87545 

54534 

3287S 

1-8673 

23 

24 

1 1-331 

8-9303 

5'5359 

3-3267 

1-8856 

24 

2.: 

14*764 

9-1226 

56214 

33685 

1-9049 

25 

26 

15-244 

93310 

57201 

3-4130 

1-9254 

26 

27 

15-782 

9-5593 

5-8233 

3-4606 

1-9472 

27 

23 

16356 

9-S105 

"     046 

35115 

1-9703 

28 

29 

17-066 

10-   • 

6-0552 

35658 

1-9945 

29 

30 

17-842 

10-391 

6-1863 

3-6243 

2*0211 

30 

31 

18-732 

10-729 

6*3288 

3-6873 

2-0490 

31 

32 

19-763 

11-107 

6-4-S49 

3-7549 

2-07S3 

32 

33 

20*971 

11-532 

6"6553 

3-8280 

2-1105 

33 

34 

22-403 

12010 

6-8431 

3-9071 

2-1446 

34 

35 

24-127 

12555 

70503 

3-9927 

2-1S09 

35 

36 

13178 

7-2501 

40859 

2-2200 

36 

37 

13901 

7-5360 

4-1372 

22619 

37 

33 

14-746 

7-8235 

4-2985 

23071 

38 

|     39 

15-749 

S-1467 

4-4203 

2-3553 

39 

40 

16954 

8-5069 

4'5544 

2-4036 

40 

41 

89355 

4-7033 

2-4658 

41 

42 

9-4224 

4-8682 

2-5275 

42 

43 

9-9915 

5-0534 

2-5957 

43 

44 

10-665 

5-2611 

26699 

44 

45 

11-475 

5-4972 

2-7514 

45 

46 

57666 

2-S414 

46 

47 

6-0779 

2-9411 

47 

... 

6-4410 

3-0522 

43 

49 

... 

6*8702 

3-1771 

49 

50 

7*3857 

3-3183 

50 

51 

3-4790 

51 

52 

36640 

52 

53 

3-S793 

53 

54 

— 

4-1331 

54 

55 

4-4375 

55 
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1000 


At  all 

7-61S0            5-3237            3-5720            22690            1-3355 

At  all 
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VIM] 


ULTIMATE    VALUES. 


1000 


CORRECTION-DENOMINATOR 

(ReCIPEOCAL    OF    Dj.) — MULTIPLIED    BY    1000. 


Age  at 

Valua- 

2£ 

2v 

3 

3i 

4 

Age  at 

Valua- 

tion 

per-cent 

per-cent 

per-cent      per-cent 

per-eent 

tion 

20 

•017253 

•018115 

•019017 

•020951 

•023071 

20 

21 

•017803 

•018737 

•0197  is 

•021829 

•024154 

21 

22 

•018371 

■019382 

•020447 

•022745 

•025290 

22 

23 

•018958 

•020051 

•021204 

•023702 

•0264S0 

23 

24 

•019566 

•0207  J 1 

•021990 

•024700 

•027728 

24 

25 

020195 

•021463 

•022808 

•025743 

•029039 

25 

26 

•020816 

■022208 

•023657 

•026831 

•030414 

26 

27 

•021520 

•022983 

•024541 

•027969 

•031856 

27 

28 

022217 

•023786 

•025461 

•029158 

•033370 

28 

29 

•022941 

•024620 

•02641S 

■030401 

•034961 

29 

30 

•023691 

■025487 

•027414 

•031701 

•036631 

30 

31 

•024468 

•026387 

•028452 

•033060 

•038388 

31 

32 

•025275 

•027324 

■029533 

034484 

•040233 

32 

33 

•026112 

•028298 

•030661 

035974 

•042176 

33 

34, 

•026983 

•029313 

•031838 

037536 

•044218 

34 

35 

•027888 

•030369 

•033066 

039173 

•046369 

35 

36 

•028828 

•031471 

•034348 

040890 

•048636 

36 

37 

•029809 

•032620 

•035689 

012693 

•051026 

37 

38 

•030830 

•033819 

•037092 

044585 

•053548 

38 

39 

•031895 

•035074 

•038561 

•046577 

•05620S 

39 

40 

•033007 

•036385 

•040099 

048669 

•059018 

40 

41 

034169 

•037759 

•044714 

050875 

■061989 

41 

42 

•035384 

•039197 

•043408 

053200 

■065134 

42 

43 

•036658 

•040707 

■045192 

055651 

•068470 

43 

44 

•037995 

•042294 

•047068 

058245 

•072005 

44 

45 

•039400 

•043964 

•049044 

060987 

■075758 

45 

46 

•040876 

•045723 

•051133 

063890 

•079745 

46 

47 

•042434 

•047583 

•053339 

066970 

•083998 

47 

48 

•044078 

•049547 

•055676 

070244 

•088527 

48 

49 

•045817 

•051626 

•058156 

073730 

•093371 

49 

50 

•047662 

•053836 

■060791 1 

077447 

098551 

50 

51 

•049620 

•056183 

•063597 

081413 

•104098 

51 

52 

•051706 

•058689 

•066596 

085660 

•110061 

52 

53 

•053932 

•061365 

•069798 

090228 

•1164S0 

53 

54 

•056316 

•064234 

•073239 

095129 

•123407 

54 

55 

•058872 

•067313 

•076941 

100420 

•130899 

55 

56 

•061626 

•070631 

•080932 

106141 

•139024 

56 

57 

•064599 

•074223 

•085244 

112347 

•147863 

57 

58 

•067820 

•078113 

•089936 

119097 

•157505 

58 

59 

•071322 

•082345 

•095039 

126469 

•168062 

59 
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ULTIMATE    VALUES. 

CORRECTION-DENOMINATOR— continued 
(Reciprocal  of  D.r) — multiplied  by  1000. 


1000 

~d7 


Age  at 
Valua- 

24 

2! 

3 

3* 

4 

Age  at 
Valua- 

tion 

per-cent 

per-cent 

per-cent 

per-cent 

per-cent 

tion 

GO 

•075137 

•086964 

•100617 

•134542 

•179656 

60 

61 

•079327 

•092030 

•106738 

•143421 

•192434 

61 

62 

■083928 

•097609 

•113183 

•153224 

•206582 

62 

63 

■089015 

•103776 

■120945 

•164090 

•222301 

63 

64 

•094652 

•110624 

•129239 

•176196 

•239854 

64 

65 

•100946 

•118265 

•138502 

•189739 

•259538 

65 

66 

•107996 

•126833 

•148898 

•204973 

•281730 

66 

67 

•115939 

•136-193 

■160630 

•222193 

•306880 

67 

68 

■124938 

•147447 

•173940 

•241780 

•335537 

68 

69 

•135194 

•159941 

•1S9136 

•264173 

•368392 

69 

70 

•146955 

•174277 

•206595 

•289956 

•406306 

70 

71 

•160532 

•190813 

•226783 

•319836 

•450329 

71 

72 

•176317 

•210119 

•250300 

•354723 

•501857 

72 

73 

•194807 

•232721 

•277891 

•395742 

•562588 

73 

74 

•216633 

•259424 

•310540 

•444365 

•634800 

74 

75 

•242618 

•291257 

•349492 

•502538 

•721345 

75 

76 

•273845 

•329544 

•396385 

•572738 

•826105 

76 

77 

•311721 

•376039 

•453412 

•658328 

•954107 

77 

78 

•358141 

•433088 

•523478 

•763709 

1-112236 

78 

79 

•415679 

•503905 

•610538 

•895095 

1-309809 

79 

80 

•487853 

•592839 

•720046 

1-060749 

1-559746 

80 

81 

•579576 

•706015 

•859550 

1-272443 

1-880053 

81 

1  "82 

•697739 

•852007 

1-039890 

1-546838 

2-296528 

82 

83 

•852297 

1-013297 

1-276471 

1-907960 

2-846327 

83 

84 

1-057843 

1-298044 

1-592002 

2-391143 

3-584358 

84 

85 

1-335987 

1-643331 

2-020406 

3-049338 

4-593055 

85 

:  86 

1-719720 

2-120486 

2-613354 

3-963378 

5-998800 

86 

87 

2-260245 

2-793842 

3-451608 

5-260113 

8-000000 

87 

i  88 

3-039237 

3-765769 

4-663744 

7-141837 

10-91429 

88 

89 

4-189886 

5-204267 

6-460783 

9-941346 

15-26648 

89 

90 

5-935775 

7-390983 

9-197940 

14-22212 

21-94474 

90 

91 

8-664010 

10-81420 

13-49073 

20-96128 

32-50024 

91 

j  92 

1306592 

16-34842 

20-44446 

31-91931 

49-72898 

92 

93 

20-42108 

25-61344 

32-10788 

50-37530 

78-85813 

93 

94 

33-18731 

41-72752 

52-43564 

82-66512 

1300373 

94 

95 

56-29046 

70-94714 

89-37349 

141-5809 

223-7887 

95 

96 

1000480 

126-4079 

159-6220 

254-0909 

403-5675 

96 

97 

187-1503 

237-0398 

300-0480 

479-9386 

765-9900 

97 

98 

370-2332 

!  470-0573 

596-4808 

958-7728 

1537-468 

98 

99 

778-6949 

1  991-0803 

1260-589 

2036-038 

3280-840 

99 
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Abstract  of  the  Discussion. 

Mr.  W.  P.  Piielps,  in  opening  the  discussion,  thanked  the  author 
for  offering  the  Institute  a  paper  which  was  both  interesting  and 
instructive,  and  one  that  would  lend  itself  to  discussion.  At  the 
same  time  he  could  not  help  thinking  that  the  interest  of  the  paper 
was  purely  academic.  He  did  not  think  the  system  advocated  by 
Mr.  Bell  was  one  that  they  would  be  able  to  adopt  practically  in  the 
work  of  their  offices.  In  the  first  place,  it  seemed  to  him  that  it 
was  not  a  simple  system.  It  was  easy  to  follow,  but  when  one  worked 
it  out  it  appeared  to  involve  a  tremendous  amount  of  detail,  which 
could  not  be  deputed  to  anyone  who  was  not  skilled  in  the  work  of 
valuations.  It  did  not  seem  to  him  a  method  of  valuation  which 
could  be  put  into  the  hands  of  a  clerical  staff  with  the  expectancy  of 
their  carrying  it  through  with  an  ordinary  amount  of  supervision. 
It  struck  him  that  every  entry  in  the  long  list  of  policies  of  various 
classes  required  to  be  individually  considered  by  someone  who 
understood  the  whole  principle  of  the  system,  and  not  a  clerk  who 
was  only  used  to  the  working  of  it  without  understanding  what  was 
behind  it.  The  title  of  the  paper  was,  "  On  the  Retrospective 
Method  of  Valuation."  It  did  not  appear  to  him  to  be  a  retrospective 
method.  It  was  true  that  the  author  obtained  the  fundamental 
formula  from  the  fundamental  retrospective  formula,  but  he  might 
just  as  well  have  obtained  it  from  the  prospective.  At  the  bottom  of 
p.  19  the  author  gave  the  original  retrospective  formula — i.e., 
accumulating  the  premiums  and  deducting  accumulated  claims — and 
he  then  stated  that  he  preferred  to  use  an  alternative  form.  It 
appeared  to  him  that  the  moment  it  was  written  in  such  alternative 
form  it  ceased  to  be  retrospective.  If  the  formula  were  examined  it 
would  be  found  that  the  first  term  on  the  right-hand  side  was  the 
value  of  a  whole-life  sum  assured.  If  the  benefit  to  be  valued  was 
greater  than  the  whole-life  benefit  an  addition  had  to  be  made,  and 
if  it  was  less  a  subtraction  had  to  be  made.  "With  regard  to  the 
premium,  the  actual  premium  for  the  risk  was  valued  as  if  it  were 
payable  for  the  whole  of  life.  It  was  all  looking  forward  ;  it  did  not 
seem  to  him  to  be  looking  back  in  any  way.  If  the  premium 
were  payable  for  less  than  whole-life  a  further  correction  had  to  be 
made  ;  then  these  two  corrections  were  combined,  and  it  so  happened 
that  they  came  out  in  a  very  convenient  form  ;  the  numerator 
was  constant  and  fixed  from  the  commencement,  and  it  was  only  the 
denominator  that  varied  with  the  valuation  age.  He  did  not  think 
he  need  go  into  the  other  formulas  that  were  given  ;  they  were  all 
equally  convenient,  and  they  involved  exactly  the  same  principle. 
The  disadvantages  of  the  system  were  very  great.  He  did  not  think 
it  was  at  all  desirable  that  all  classes  of  insurance  should  be  put  into 
one  group,  because  it  was  difficult  to  ensure  accuracy  if  that  were 
done.  Very  large  groups  were  obtained,  and  if  there  were  an  error 
one  had  to  go  through  every  item  to  discover  it.  It  was  impossible 
by  inspection,  or  any  means  of  that  sort,  to  say  that  the  error  was  in 
a  particular  group  of  policies ;  they  were  quite  in  the  dark,  and 
depended  entirely  on  the  accuracy  of  the  work.  He  thought  that  for 
small  non-profit  business  it  might  be  good,  but  for  general  business 
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he  did  not  think  it  was  a  very  workable  scheme.  He  did  not  think 
the  actuary's  work  would  be  over  when  once  he  obtained  the 
corrections  at  the  commencement.  In  the  case  of  a  limited  payment 
policy,  the  moment  the  payment  ceased  they  had  to  take  off  the 
premium  and  the  correction,  leaving  the  ordinary  whole-life  Ax+n. 
In  the  case  of  endowment  assurances  by  limited  premiums,  it  was 
further  complicated,  because  not  ouly  had  they  to  take  off  the 
correction  in  regard  to  the  premium,  but  immediately  after  to  put  on 
another  correction  in  regard  to  the  sum  assured. 

The  positive  and  negative  corrections  were  not  obvious ;  one  had 
to  look  at  every  case  to  see  whether  it  was  positive  or  negative,  and 
if  by  an  error  it  was  put  in  the  wrong  column,  or  the  wrong  coloured 
ink  was  used,  they  were  never  likely  to  discover  it.  If  there  were 
such  a  mistake  on  the  books  it  might  go  on  indefinitely.  He  did  not 
think  the  system  was  available  for  keeping  debtor  and  creditor 
class  books ;  it  would  mean  that  the  schedules  would  have  to  be 
written  up  pretty  nearly  every  time.  It  was  also  very  inconvenient 
not  to  know  the  liability  under  different  classes  of  insurance.  For 
instance,  it  was  important  to  have  a  sort  of  idea  of  how  the  liability 
under  endowment  insurance  was  growing,  and  the  actuary  would  not 
wish  it  to  be  included  with  every  other  sort  of  liability  in  the  office. 
AVith  regard  to  the  corrections,  he  thought  that  they  would  not  lend 
themselves  to  rough  valuations.  Some  time  ago  he  obtained  a 
similar  correction  in  connection  with  endowment  assurances  that 
he  valued  by  Mr.  Lidstone's  method.  He  wanted  to  include  limited 
payment  policies  in  the  groupings,  and  he  obtained  corrections  similar 
in  principle  to  those  being  discussed,  but  found  the  results  were  very 
unreliable.  If  the  correction  was  used  in  the  form  the  author 
gave  in  the  paper,  and  it  was  valued  at  the  true  age,  the  result 
was  absolutely  correct  ;  but  if  any  approximate  age  was  used, 
for  instance,  if  they  wanted  to  make  a  rough  valuation  by  grouping 
the  payments,  a  very  slight  alteration  of  the  age  made  a  very 
considerable  difference  in  the  correction,  and  he  had  to  discard 
the  system.  It  was  impossible  to  know  which  way  the  error  was 
going,  and  it  was  very  treacherous  to  deal  with  such  corrections  unless 
they  were  dealt  with  at  the  exact  age  ;  it  could  not  be  done  with  an 
average  age.  He  thought  all  knew  what  the  objects  of  the  Board  of 
Trade  returns  were,  and  he  also  thought  there  was  not  very  much 
doubt  that  the  Board  of  Trade  returns  at  the  present  time  did 
not  fulfil  that  object  perfectly  ;  but  if  valuation  returns  were  made  to 
the  Board  of  Trade  such  as  were  suggested  by  the  author,  he 
very  much  doubted  whether  they  would  fulfil  the  objects  of  the  Act 
at  all.  He  did  not  think  the  returns  suggested  by  Mr.  Bell  would 
tell  even  an  actuary  anything.  He  would  not  have  anything  to  go 
on,  except  the  statement  of  the  corrections,  and  he  did  not  see 
how  that  could  be  checked.  Then  he  very  much  doubted  whether  the 
Board  of  Trade  would  be  so  obliging  as  the  author  seemed  to  think. 
As  the  author  pointed  out,  on  p.  57,  a  discretion  was  given,  the 
schedule  saying — "  For  the  purpose  of  adapting  them  to  the 
circumstances  of  such  company,  or  of  better  carrying  into  effect  the 
objects  of  this  Act."  Although  it  said  "  or  ",  he  thought  the  spirit 
of  the  Act  was  that  a  modification  would  only  be  made  if  it  could  be 


110  On  the  Retrospective  Method  of  Valuation.  [Jan. 

shown  that  it  equally  carried  through  the  objects  of  the  Act,  aud  he 
did  not  think  the  returns  suggested  by  the  author  would  carry 
through  the  objects  of  the  Act  in  any  sense.  He  thought  the 
Institute  had  to  thank  the  author  for  a  very  instructive  paper,  and  he 
was  sorry  he  did  not  think  it  was  a  practically  useful  one. 

Mr.  George  KlNG  said  he  did  not  propose  to  go  into  details,  but  he 
thought  he  would  be  doing  well  in  following  Mr.  Phelps  in  expressing 
his  views  on  the  system  advocated  in  the  paper.  In  the  first  place, 
personally  he  had  no  rooted  objection  to  the  retrospective  method  of 
valuation  ;  he  thought  he  was  probably  the  only  actuary  who  had 
submitted  a  retrospective  valuation  to  the  Board  of  Trade  and  had  it 
accepted.  Where  it  was  convenient,  he  thought  it  was  right  to 
employ  it ;  and  in  a  particular  case  where  the  whole  of  the  business 
consisted  of  deferred  annuities,  he  found  that  the  most  convenient 
way  of  valuing  them,  whether  the  premiums  were  returnable  or  not, 
was  by  the  retrospective  method,  and  the  Board  of  Trade,  after  it  had 
been  explained  to  them,  agreed,  with  the  result  that  for  the  last 
fifteen  or  twenty  years  a  retrospective  method  of  valuation  had  found 
its  place  in  the  Blue  Books.  But  it  did  not  necessarily  follow  that, 
for  ordinary  life  assurance  business  as  distinguished  from  that  very 
special  class  of  business,  the  retrospective  method  would  be  good  ; 
personally  he  thought  it  would  give  much  more  trouble,  and  would 
very  much  obscure  the  issues,  and  he  thought  the  returns  as  they 
were  at  present  given  in  the  Blue  Books  were  most  useful.  Although 
the  Act  had  its  defects  and  its  shortcomings,  and  although  it  might 
in  some  minor  points  be  amended,  it  had  been  a  most  beneficial  one, 
and  he  should  be  very  sorry  to  see  it  fundamentally  altered.  It  was 
passed  on  very  good  actuarial  advice.  He  thought  he  was  right  in 
saying  that  the  Government  consulted  the  late  Mr.  W.  P.  Pattison 
with  regard  to  it,  and  he  believed  he  was  also  correct  in  saying  that 
their  friend  Mr.  B.  P.  Hardy  had  had  a  good  deal  to  do  with 
drawing  up  the  schedules.  The  author  said  the  Act  was  passed 
shortly  after  the  failure  of  the  Albert  and  the  European,  but  if  he 
remembered  right,  he  thought  the  Albert  failed  in  1869  and  the 
European  in  1872,  so  that  the  Act  came  between  the  two,  although 
it  was  understood  at  the  time  it  was  passed  that  the  European  was 
tottering.  Apparently,  from  the  voluminous  tables  prepared,  the 
author  seemed  to  think  that  the  method  should  at  present  be 
applied  to  the  three  great  classes  of  assurance,  the  ordinary 
whole-life,  endowment  assurances,  and  limited  payments.  He 
presumed,  from  there  not  being  tables  for  others,  that  these  others 
were,  at  any  rate  for  the  present,  to  be  dealt  with  as  hitherto.  With 
regard  to  endowment  assurances,  personally  he  very  much  preferred 
Mr.  Lidstone's  most  admirable  method,  and  it  would  take  a  great 
deal  to  make  him  forsake  that  for  what  Mr.  Bell  called  the 
retrospective  method.  He  thought  that  the  very  advantages  which 
the  author  claimed  for  his  method  were  disadvantages  from  his 
(the  speaker's)  point  of  view.  In  fact  the  author's  ideals  and  his 
(Mr.  King's)  seemed  to  differ  fundamentally.  In  his  opinion  it  was 
a  very  great  advantage  to  have  the  endowment  assurances  separate, 
and  it  was  also  a  very  great  advantage  to  tabulate,  as  Mr.  Lidstone's 
method   provided,  the   endowment   assurauces   falling   due   in   each 
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particular  future  year.     It  was  then  possible  to  see  what  was  going 
to  happen,  and  provision  could  be  made  for  the  inevitable.     If  they 
were  all  grouped  according  to  current  age,  as  the  author  suggested, 
that  was  lost  sight  of.     Then  Mr.  Lidstone's   method  had  another 
advantage.     Having  tabulated  the  endowment  assurances  according 
to  their  due  date,  irrespective  of  age,  the  Board  of  Trade  accepted 
that  instead  of  the  total  premiums  paid  from  the  commencement,  and 
therefore  they  not  only  had  a  very  simple  method  of  valuation,  which 
enabled  them  to  value  endowment  assurances  more  quickly  and  easily 
than  whole-life  policies,  but  by  that  method  they  were  saved  all  the 
trouble  of  returning  the  total  premiums  paid  from  the  commencement, 
which  was  a  very  important  element  where  there  were  such  an  immense 
mass  of  policies\is.  at  the  present  day,  we  have  in  ordinary  endowment 
assurances.     That  would  not  be  obtained  with  the  author's  method  ; 
there  would  be  more  trouble  with  the  valuation,  and  the  additional 
trouble    of   stating    the   premiums   paid   would   be   left  upon    their 
shoulders.     He  was  not  quite  clear  as  to  how  the  limited  payment 
policies  were  to   be   dealt  with,  but  he  gathered  from  Mr.  Phelps' 
remarks  that  there  was  a  complete  gap  between  the  points  where  the 
premiums  were  payable  and  where  there  were  no  more  premiums. 
At  that  point  the  policies  had  to  be  transferred  from  one  category  to 
another.     After  all,  limited  payment  policies  were  not  a  matter  of 
supreme  importance  in  the  United  Kingdom.     Out  of  curiosity  he 
had  looked  at  the  last  Blue  Book,  and,  taking  all  the  valuations  of 
British  companies  that  appeared  in  it,  he  found  that  the  limited 
payment,  including  paid-up,  policies  were  only  398  per-cent  of  the 
whole  business,  so  that  it  was  not  a  large  item  in  this  country.     It 
was  quite  true  that  in  America  it  was  a  very  large  item,  and  possibly 
the  retrospective  method,  done  in  groups,  would  be  an  advantage  in 
the  saving  of  labour  there ;   but  there  was   no  chance  whatever  of 
getting  the  Americans  to  adopt  it.      In  America  they  worked  by 
tables  of  prepared  values  ;  every  policy  was  valued  separately  even- 
year,  and,  in  view   of  the  statutory  valuations  made  by  the  State 
departments,  he  did  not  suppose  they  would  ever  make  a  change. 
He  had  only  on  one  occasion  had  to  deal  with  any  large  number  of 
limited  payment  policies,  and  in  that  case  the  premiums  all  ceased 
at  a  given  age,  so  that  they  could  be  valued  in  groups  with  great 
simplicity  by  the  ordinary  prospective  method.     He  did  not  think 
the  author  had  stated  how  he  valued  by  his  method  policies  with 
half-yearly  and  quarterly  premiums.      These  had  to  be  considered, 
because  there  were  a  great  many  of  them.     There  were  various  ways 
of  dealing  with  them,  and  he  did  not  exactly  see  at  the  moment  how 
the  retrospective  method  could  be  applied.     The  author  claimed  that 
his  retrospective  method  was  useful  by  enabling  them  to  value  by 
select  tables.     He  did  not  think  they  would,  as  a  rule,  value  special 
policies  by  select   tables,  because   the   difference   in   reserve  would 
usually  be  very  small  between  the  select  reserve  and  the  aggregate 
reserve  ;    but   it   might,   and   he   thought,  would,  be    a  very    great 
advantage  if  they  could  value  ordinary  whole-life  policies  by  select 
tables.     Some  years  ago  a  formula  occurred  to  him  by  which  that 
could  be  done  with  hardly  more  trouble  than  that  incurred  in  valuing 
such  policies  in  groups  by  aggregate  tables.     He  proposed  to  write 


112  On  the  Retrospective  Method  of  Valuation.  [Jan. 

a  short  note  on  the  subject,  and  put  the  method  forward,  because, 
now  that  there  were  such  perfect  select  tables,  it  might  be  worth  while 
to  consider  the  subject.  He  had  ventured  to  speak,  not  unfavourably 
of  the  paper,  but  against  the  method  it  advocated.  In  doing  so  he 
did  not  wish  in  any  way  to  impugn  the  author's  work  ;  in  fact,  he 
should  like  to  join  Mr.  Phelps  in  praising  his  ingenuity,  thoroughness, 
and  industry,  and  in  thanking  him  for  bringing  the  matter  forward. 
It  was  a  subject  which  it  was  quite  right  should  be  brought  forward, 
and  one  that  they  might  very  properly  discuss. 

Mr.  W.  P.  Elderton  thought  that  the  author  had  been  very 
roughly  handled  by  the  previous  speakers.  If  some  of  the  formulas 
were  re-worded,  and  were  looked  at  prospectively  as  Mr.  Phelps 
suggested,  simply  treating  a  temporary  benefit  as  one  which  was 
equal  to  a  whole-term  benefit  less  the  deferred  benefit,  where  the 
deferred  benefit  could  be  represented  by  a  fraction  in  which  the 
numerator  was  a  constant,  depending  upon  the  age  at  which  the  term 
expired,  and  the  denominator  a  variable  depending  upon  the  age  at 
valuation,  then  it  would  be  seen  at  once  that  the  sums  assured,  the 
office  premiums,  and  the  net  premiums  could  be  valued  independently, 
and  an  absolutely  accurate  valuation  of  each  obtained.  That  was 
another  way  of  stating  the  author's  method  of  valuation,  and  in  that 
form,  which  was  practically  the  one  Mr.  Altenburger  brought  forward 
in  his  letters  to  the  Journal,  he  (Mr.  Elderton)  had  seen  the  method 
applied  to  a  fairly  large  experience.  Mr.  Phelps  was  certainly  wrong, 
so  far  as  his  (Mr.  Elderton's)  experience  went,  for  the  method  was 
simple,  and  the  details  did  not  require  to  be  supervised  very  much  by 
a  skilled  individual.  The  constants  were  calculated  by  people  who 
certainly  had  no  actuarial  training,  but  seemed  to  understand  what 
thev  were  doing.  Of  course,  all  classes  were  not  put  into  one  age 
group  ;  endowment  assurances,  limited  payments,  and  whole-life  must 
be  kept  separately  for  the  Board  of  Trade,  even  if  that  were  not 
advisable  for  other  purposes,  and  rough  checks  could  be  devised  to 
show  they  were  not  far  out  in  the  result,  just  as  could  be  done  when 
Mr.  Lidstone's  method  was  adopted  for  endowment  assurances.  There 
were  three  constants  for  endowment  assurances,  and  two  for  limited 
pavments.  Mr.  Phelps,  in  his  remarks  with  regard  to  limited 
payments,  seemed  to  indicate  that  there  was  a  difiiculty,  because 
the  constant  had  to  be  taken  off  at  the  end  of  the  term ;  but  surely 
as  they  had  to  take  off  the  premiums  it  was  little  extra  trouble  to 
take  off  something  else  that  was  standing  by  at  the  same  time.  He 
had  never  had  any  difficulty  in  the  valuations  or  book-keeping,  and 
so,  although  he  had  only  seen  the  method  used  for  a  few  years,  it 
seemed  worth  while  to  put  on  record  that  it  had  not  been  the  hopeless 
failure  which  one  might  imagine  from  the  last  two  speeches,  and 
certainly  at  the  time  of  valuation  he  found  it  gave  less  trouble  in 
working  than  valuations  made  by  the  last  payment  grouping  did 
when  an  average  age  was  taken  for  the  policies  in  each  group. 

Mr.  T.  J.  Seaele  said  he  rose  to  place  before  the  meeting  a 
totally  opposite  view  to  that  which  had  been  advocated  by  the  two 
gentlemen  who  opened  the  discussion.  When  he  read  the  paper  he 
immediately  came  to  the  conclusion  that  it  would  effect  a  revolution 
in   the   valuing  of  special  policies,  and  that  in  time  to  come  the 
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valuable  work  of  Mr.  Lidstone  would  be  referred  to  as  a  sort  of 
antiquarian  curiosity,  whicb  would  be  studied  in  order  to  see  wbat 
were  tbe  ways  that  were  pursued  by  actuaries  in  the  dark  ages.  He 
spoke  strongly,  because  Messrs.  Phelps  and  King  had  laid  down  the 
law  rather  strongly,  and  it  was  quite  right  that  they  should  speak 
strongly  on  both  sides.  He  considered  that  the  author  had  made  a 
very  remarkable  discovery,  and  it  was  a  very  strange  thing  that 
nobody  had  ever  made  it  before.  He  had  not  had  an  opportunity 
since  receiving  the  paper  of  referring  to  Mr.  Whiting's  paper,  and  he 
did  not  know  how  far  that  gentleman  had  gone,  but  he  presumed  he 
had  not  gone  farther  than  the  author.  If  the  author  had  gone  one 
step  further  he  would  have  knocked  out  all  the  D's  and  N's,  and  he 
would  have  made  a  very  important  discovery.  All  great  discoveries 
were  simple,  and  in  the  present  instance  it  was  a  very  simple  matter 
indeed  to  look  at.  It  was  perfectly  true  that  everybody  in  assurance 
offices  was  used  to  the  present  system.  He  was  afraid  that  some  did 
not  want  to  learn  the  new  one,  and  that  therefore  it  would  be  some 
little  time  before  they  would  be  able  to  apply  it.  The  author  had 
stated  that  if  he  had  read  Mr.  Whiting's  paper  he  would  not  have 
submitted  his  paper  to  the  Institute.  Had  he  followed  that  course, 
the  author  would,  in  his  opinion,  have  committed  a  crime  by  keeping 
back  the  secret  which  he  had  discovered.  What  Mr.  Bell  had 
discovered  was  this — he  did  not  know  that  the  author  fully  realized 
it  himself — that  for  every  special  policy  on  a  single  life,  without 
exception,  an  ordinary  whole-life  policy  might  be  substituted, 
together  with  a  simple  endowment  fully  paid-up;  and  the  two  things 
taken  together  would  make  any  special  policy  they  liked.  They 
knocked  out  the  D's  and  N's,  and  by  so  doing,  took  away  the 
difficulty  of  the  last  term  in  the  form  on  page  21,  and  it  put  the 
whole  thing  in  a  simple  and  easy  form.  If  there  was  any  student  in 
the  immediate  future  who  was  not  able  to  understand  that,  he  did 
not  think  he  ought  to  be  passed  as  an  actuary.  Every  special  policy 
could  be  made  equivalent  to  a  corresponding  whole-life  policy  of  the 
same  sum  assured,  together  with  a  simple  endowment  fully  paid  up 
for  an  amount  which  could  be  very  easily  ascertained.  That  was  a 
general  principle  of  great  importance,  and  he  could  not  understand 
why  any  of  the  members  should  say  it  was  not  practicable  before 
they  had  tried  it.  In  the  formula  given  at  the  bottom  of  page  21 
some  difficulty  arose  through  the  Px  being  valued  as  if  it  were 
payable  through  the  whole  of  life,  but  the  theory  of  the  formula  was 
that  the  cessation  of  the  premium  before  the  time  of  death  was  part 
of  the  special  benefit  to  be  secured,  and  so  they  had  an  endowment 
or  other  special  assurance.  If  they  wished  to  compare  that  with  the 
corresponding  whole-life  assurance,  part  of  the  advantage  obtained 
was  the  acceleration  of  the  payment  of  the  sum  assured :  another 
part  of  the  advantage  was  the  earlier  cessation  of  the  premium,  i.e., 
premium  P  was  valued  for  the  whole  of  life,  and  the  earlier  cessation 
of  P  was  part  of  the  benefit  to  be  secured  by  the  payment  of  P.  If 
the  formula  were  looked  at,  it  would  be  seen  that  they  were  all  pure 
premiums,  and  therefore  the  annual  premiums  were  the  exact 
equivalent  of  the  benefits  that  were  to  be  given  for  them.  The  ttx 
was  the  exact  equivalent   of   the    ordinary   whole-life    policy  :     the 
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annual  premium  was  exactly  equivalent  to  the  sum  assured. 
Similarly,  the  annual  premium  P  payable  throughout  life  was  the 
exact  equivalent  of  the  special  policy,  together  with  the  continuance 
of  that  P  until  the  time  of  death.  Therefore,  the  difference  between 
P  and  7r  was  the  present  value  of  all  the  benefits  obtained  under  the 
special  policy,  over  and  above  those  obtained  under  the  ordinary 
whole-life  policy ;  and  therefore  the  formula  was  practically  proved. 
The  difference  between  P  and  rr  was  an  annual  premium  throughout 
life.  In  order  to  ascertain  at  the  date  of  the  policy  what  that  value 
was  worth,  they  had  to  multiply  the  P  and  tt  b}r  the  annuity-due, 
and  he  then  suggested  that  it  should  be  turned  into  a  simple 
endowment  at  some  advanced  age,  and  if  that  were  to  be  done  ifc 
could  be  valued  very  easily  indeed  for  every  successive  valuation.  It 
was  a  small  step  in  which  he  wished  to  go  further  than  the  author, 
but  it  would  throw  a  flood  of  light  upon  the  method,  so  that  the 
members  would  be  able  to  see  the  applicability  of  the  new  formula. 
A  formula  in  that  shape  was  very  suitable  for  valuation,  because 
what  happened  between  the  initiation  of  the  policy  and  the  valuation 
was  this  : — The  assurance  A^-  was  subject  to  payment  out  in  the  event 
of  death  ;  at  the  valuation  it  became  A.v+n.  P.v  was  subject  to 
cessation  in  the  event  of  death.  The  endowment,  which  he  suggested 
ought  to  be  there,  was  subject  only  to  being  lost  in  the  event  of 
death.  In  the  event  of  death  the  endowment  would  be  lost  and  that 
was  precisely  what  would  happen  to  all  special  benefits  under  the 
special  polic}r.  If  a  man  was  insured  under  an  endowment  assurance, 
and  died  within  the  first  few  years,  he  obtained  no  more  than  if  he 
were  insured  under  a  whole-life  policy  ;  he  had  simply  paid  the 
additional  premium  and  lost  it,  and  therefore  an  endowment  was  a 
very  suitable  function  indeed  to  represent  all  classes  of  deferred 
benefits,  such  as  were  given  under  any  form  of  special  policj',  over 
and  above  the  benefits  given  under  the  ordinary  whole-life  policy. 

He  was  of  opinion  that  a  great  deal  too  much  had  been  made  of 
the  question  of  the  Board  of  Trade  Returns,  because  there  were 
several  ways  which  could  be  suggested  for  filling  up  the  schedules  as 
they  stood.  The  proposed  endowment  could  easily  be  divided  into 
two  pure  endowments,  one  of  which  would  apply  to  the  sum  assured 
and  the  other  to  the  premiums,  so  that  they  would  be  able  to  fill  up 
the  Board  of  Trade  returns  precisely  as  they  did  before,  and  with 
very  little  trouble — with  very  much  less  trouble  than  with  some  of 
the  present  systems  of  valuing  special  policies.  The  author's  method 
had  one  very  remarkable  advantage.  In  the  present  da}T  offices  made 
their  valuations  in  haste  and  filled  up  their  returns  at  leisure ; 
therefore  anything  which  would  enable  them  to  close  their  books  at 
four  o'clock  in  the  afternoon,  and  publish  the  figures  at  10  o'clock 
the  next  morning  was  a  thing  to  be  desired.  That  was  one  of  the 
reasons  why  the  method  would  be  adopted  as  soon  as  it  was 
understood,  because  there  was  only  one  total  for  each  age  throughout 
the  whole  of  the  business,  and  the  valuation  could  be  worked  out  in 
a  few  hours.  Later  on  they  might  want  to  split  it  into  whole-life, 
endowment  assurances,  and  other  classes,  and  that  might  be  done 
at  leisure,  either  for  the  Board  of  Trade  or  for  other  purposes. 
Later  on  they  might  want  to  split  it  into  the  value  of  the  premiums 
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and  the  value  of  the  sum  assured.  That  might  be  done  at  their 
leisure.  The  result  could  be  worked  out  in  the  course  of  a  few  hours, 
so  rapidly  and  easily,  in  fact,  that  annual  valuations  for  the  use  of 
the  offices  would  become  quite  common.  It  would  be  found  that 
it  was  quite  an  easy  thing  to  keep  up  the  class  books  from  year  to 
year,  and  to  make  the  valuations  ;  and  he  should  be  very  much 
surprised  indeed  if,  before  long,  it  did  not  come  to  be  the  only  method 
in  use  for  the  valuing  of  special  policies. 

Mr.  U.  P.  Hardy  said  it  was  a  matter  of  legitimate  pride  to  the 
Institute,  and  he  trusted  it  would  ever  remain  one  of  its  characteristics, 
that  it  was  prepared  to  extend  a  respectful  welcome,  and  accord  a 
patient  hearing,  to  every  shade  of  opinion,  notwithstanding  that  such 
might  not  be  accepted — or  even  might  be  rejected — by  the  majority, 
since  such  might  contain  a  dormant,  though  unrecognized,  element  of 
the  vivifying  virtue  of  truth.  There  would  be  found  no  better  and 
no  more  generous  judges  of  the  devotion  of  any  of  the  brethren  to 
the  cause  of  his  profession  than  in  that  room,  nor  any  better  qualified 
to  appreciate  the  consistency  with  which  an  idea  had  been  worked 
out,  nor  any  more  ready  to  acknowledge  the  heavy  labour  that  had 
been  bestowed  upon  such  a  paper  as  they  had  before  them.  He 
would  therefore  join  with  his  other  friends  in  thanking  Mr.  Bell,  and 
unreservedly  concede  that  he  had  said — and  well  said — all  that  could 
be  urged  in  support  of  his  proposed  method  of  valuation,  and  that, 
by  his  abundant  illustrations,  he  had  given  them  full  opportunity  of 
gauging  its  working  adaptability.  But  at  that  point,  with  the 
wholesome  fear  of  Mr.  Searle  before  his  eyes,  he  was  reluctantly 
compelled  to  assume  the  ungrateful  task  of  criticism,  and  to  range 
himself  in  opposition  to  the  principle  which  had  been  so  valiantly 
advocated.  At  the  outset,  with  Mr.  Phelps,  he  could  not  admit  that 
the  method  proposed  was  any  true  sample  of  the  retrospective  system  ; 
it  would,  he  considered,  be  more  truly  described  as  a  series  of  plus 
and  minus  adjustments  upon  the  ordinary  reserves — certainly  an 
iugenious  idea,  and  one  pretty  enough  in  its  own  way  as  a  college 
exercise,  but  not  one  corresponding  to  any  reality  in  the  facts  to 
be  measured,  or  presenting  sufficient  conveniences  to  justify  its 
substitution  for  the  clear  symmetry,  the  logical  order,  and  the 
intelligibility  of  the  figures  shown  upon  the  work-sheets  in  the  older 
arrangement.  He  laid  no  stress  upon  the  additional  and  irritating 
work  of  the  adjustments,  nor  would  he  dwell  upon  the  almost 
impossibility  of  applying  any  of  those  customary  concise  and 
summary  checks,  although  no  doubt  the  mechanical  processes  could 
be  controlled.  But  the  great  objection  which  he  took  was  that  the 
results  were  blended  in  such  an  admired  disorder  that  all  check  upon 
their  consistency  was  lost,  and  their  relation  to  the  actual  facts  under 
measurement  was  obscured  beyond  recognition  and  beyond  test.  They 
had  to  be  taken  with  the  placid  assurance  of  blind  faith,  which  in 
that  case  was  truly  the  "  evidence  of  things  not  seen."  To  sum  up, 
the  net  liability  due  to  a  heterogeneous  mass  of  risks,  when  brought 
out  iu  the  lump,  was  no  function  of  the  combined  sums  assured, 
neither  did  it  stand  in  any  relation  to  the  premium  income.  It  was 
at  once  everything,  because  it  was  indiscriminately  inclusive,  and 
nothing,  because  it  was  attachable  to  none ;    it  was  shapeless  and 
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soulless,  belonging  neither  to  Heaven  nor  earth,  but,  like  Mahomet's 
coffin,  it  floated  poised  between.  Even  supposing  the  Board  of  Trade 
were  to  consent  to  stultify  themselves,  and  to  put  aside  the  settled 
precedent  of  many  years,  it  would  still  require  a  conviction  on  their 
part,  deeper  even  than  that  born  of  the  laudable  enthusiasm  that 
actuated  Mr.  Bell,  and  an  eloquence  even  more  seductive  than  had 
admittedly  fallen  from  him  that  night,  to  persuade  the  profession  to 
abandon  the  instructive  simplicity  of  the  analytical  form  of  valuation 
prescribed  by  the  wisdom  of  Parliament,  and  hitherto  appreciatingly 
accepted  by  all,  with  the  exception  of  a  single  critic. 

The  Pbesident  (Mr.  Henry  Cockburn)  said  he  was  sure  it  would 
be  the  pleasure  of  the  members  to  pass  a  hearty  vote  of  thanks  to 
Mr.  Bell  for  his  efforts.  The  paper  must  have  involved  an  immense 
amount  of  labour,  which  alone  was  worthy  of  their  hearty  acknow- 
ledgment. The  subject  well  exemplified  the  fact  that,  even  in  so 
every-day  a  matter  as  an  office  valuation,  there  was  still  much  that 
might  be  brought  forward  for  debate,  and  if  the  author  had  done 
nothing  else — which  he  would  not  like  to  suggest — he  had  furnished 
material  for  a  very  interesting  discussion.  He  had  given  the  members 
something  to  think  about,  and  nobody  would  wish  to  put  out  of  mind 
the  good  work  he  had  placed  before  them. 
The  vote  was  unanimously  passed. 

Mr.  Bell,  in  reply,  said  he  was  sure  that  all  the  members  would 
appreciate  the  fact  that  to  reply  to  the  criticisms  which  had  been 
passed  upon  his  paper  was  a  very  difficult  task.  It  was  a  very  unusual 
thing,  he  thought,  for  a  paper  to  be  read  at  the  Institute,  and  to  be 
promptly  "  sat  upon "  by  some  of  its  most  able  members.  In  the 
first  place,  he  wished  to  thank  those  gentlemen  who  had  criticized  his 
paper  adversely  for  the  kind  way  in  which  they  had  spoken  of  the 
effort  he  had  put  forth  to  interest  the  Institute.  In  the  second  place, 
he  wished  to  point  out  to  them  that  his  turn  had  come,  and  he  had 
one  reply,  which  had  occurred  to  him  while  they  had  been  speaking, 
which  might  possibly  convince  them  that  there  might  be  something 
in  the  paper  after  all.  His  reply  was  that  Mr.  Elderton  had  spoken 
from  a  practical  experience  of  the  use  of  the  method,  and  he  thought 
he  might  fairly  say  that  his  practical  experience  had  convinced  that 
gentleman  of  the  method's  practical  value.  Further  than  that,  he 
presumed  most  of  the  members  had  read  Mr.  Altenburger's  letters 
published  in  volumes  xxxiv  and  xxxv  of  the  Journal.  That  gentleman 
had  applied  the  method  to  endowment  assurances,  and  stated  in  the 
letters  that  the  system  was  very  largely  used  in  Germany.  He 
had  had  the  curiosity  to  write  to  Mr.  Altenburger  in  order  to  bring 
his  information  up  to  date,  and  in  a  letter,  dated  during  the 
current  month,  that  gentleman  said  "This  method  of  valuing 
endowment  assurances  is  almost  generally  in  use  here."  A 
method  could  not  be  so  very  bad  if  it  was  "  almost  generally 
in  use  "  in  Germany,  because  all  must  admit  that  German  actuaries 
were  not  ignoramuses.  He  thanked  Mr.  Searle  for  his  speech, 
and  with  regard  to  his  proposal  to  substitute  an  endowment  for  what 
he  (Mr.  Bell)  called  the  correction-numerator,  that,  it  was  almost 
obvious,  had  occurred  to  him  in  preparing  the  paper.  He  rather 
thought    it    was    spoken    of    by    some    writer,    either   in    Germany 
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or   in  America,  but  it  seemed  to  him  that  kx=(Px— a-x)^r*  was 
an    easily   remembered    and    perfectly    obvious   formula,    and   after 
considering   the   matter   he   preferred   to   keep   it   as   it    was.     He 
suggested  that  the  reason  his  paper  had  been  received  with  rather 
scanty  welcome  was  perhaps  not  his  fault.     He  should  put  the  fault 
down  entirely  to  Mr.  Lidstone,  who  some  years  ago  submitted  a  paper 
on    the   valuation    of  endowment   assurances,  and  produced  a   very 
convenient  and  beautiful  method  of  valuing  them.     It  was  not  that 
his  paper  was  bad,  but  that  Mr.  Lidstone's  paper  was  so  good.     If  he 
had  read  his  paper  at  the  time  he  proposed  originally,  some  ten  years 
ago,    he    would  have   been    in   front    of    Mr.    Lidstone ;    he    would 
have   experienced    a    better   reception,    and    would    not    have    made 
the  mistake  of  writing  the  paper  without  referring  to  Mr.  "Whiting's 
paper    in    the    American    "Transactions",    because    at    that  date 
Mr.   Whiting's    contribution  to  the  American  transactions  had   not 
been  written.     One  of  Mr.  Phelps's  objections  was  that  he  proposed 
to  include  policies  of  all  classes  in  one  group,  but  that  he  did  not 
propose  at  all.     What  he  said  was,  that  they  could  be  included  in  one 
group   if   the    actuary   wanted   to   include  them,  but   personally  he 
did    not    want    to    do    so.     In   making    the    quinquennial   valuation 
he  should  certainly  not  value  all  the  policies  together;  but  he  did  not 
think  it  at  all  impossible  that,  after  he  had  valued  in  several  groups, 
he  should  not  combine  the   groups  for  the  purpose   of  subsequent 
annual   valuations,  and  he  thought  the  possibility   of  doing  this  a 
very  great  convenience.       With  regard  to  limited  premiums,  one  had 
naturally  to   alter  the   lists  when  the   premium  ceased,  but  in  the 
ordinary  (or   prospective)  method  of  valuation,  when  the  premium 
ceased  they  had  to  take  the  policy  out  of  the  lists,  and  it  mattered 
very  little  whether  they  took  it  out   of  one  column  or  two.     They 
had  to  strike  out  the  premium   in  the   prospective  method,  and  in 
what  he  called  the  retrospective  they  took  out  the  premium  and  the 
correction.     The  columns  lay  side   by   side,  and  it  was  a  perfectly 
easy  thing  to  do.     It  seemed  to  be  suggested  as  a  difficulty  that  the 
schedules  required  re-writing,  but  they  did  not  require  re-writing 
more    than   any   other   schedules;    the    only    difference    was    that 
there   was   an  additional  column  for  the   correction.       In   ordinary 
schedules,   if    bonus    additions   were   made    to    the    sums    assured, 
those   additions   had  to   be   given   effect  to ;    in    the   retrospective 
method    exactly    the    same    thing     was     done ;      there      was      no 
difference   at   all,  so  that  if   the  objection   applied   to   one  method 
it  applied  equally  to  the  other.     He  again  thanked  the  gentlemen 
who  had  been  good  enough  to  discuss  the  paper,  and  he  assured  those 
members  to  waose  criticisms  he  had  replied  that  he  fully  appreciated 
the   spirit   in    which    they  had  been   made,  and    thanked  them  for 
their  courtesy. 
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CORRESPONDENCE. 
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INSURANCES   AGAINST   ISSUE. 

To  the  Editor  of  the  Journal  of  the  Institute  of  Actuaries. 

Sir, — In  continuation  of  the  Tables  contributed  by  Dr.  Sprague 
and  myself,*  giving  certain  particulars  of  Issue  Insurances  granted 
by  British  Life  Offices,  I  annex  a  Table,  the  figures  of  which  are  taken 
from  the  Board  of  Trade  Returns  for  the  rive  years,  1S96  to  1900, 
inclusive. 

Combining  these  figures  with  those  formerly  given,  we  have  the 
following  results  : 


Years 

Xo.  of 
Policies 

Net  Sums 
Assured 

Net  Premiums 
received 

Average 
Premium 
percent 

£ 

£ 

1871-1875 

261 

875.558 

62,238 

6'75 

1876-1SS0 

383 

1,264,166 

97,495 

7-51 

1881-1885 

539 

1,696.747 

116.704 

82 

18S6-1S90 

698 

■2.<-6.^o:~> 

133.200 

6-08 

1891-1895 

33 

2,836.634 

139.137 

475 

1S96-L900 

1,310 

3,530,173 

156,561 

439 

The  new  figures  show  a  considerable  increase  on  previous  results, 
especially  in  the  case  of  the  new  premiums,  although  the  average 
premium  is  again  less  than  in  the  previous  quinquennial  periods. 

I  am,  Sib, 

Your  obedient  Servant, 
Edinburgh,  6  June  1904.  M.  MACKENZIE  LEES. 


*  See  J. I. A.,  xx,  151  :  xxiii,  220  ;  xxvi,  391 ;   xxix,  548  ;  and  xxxiv,  592. 
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Net  Amounts, 

-   -r. 

Deducting 

Gross  Amounts 

Date  of 

|  5 

Rk- ASSURANCES 

Name 

_£  "- 

?." 

Sums 
Insured 

Pre- 
miums 
Received 

Sums 
Insured 

Pre- 
miums 
Received 

Reserve 

Average 
Premium 
per-cent 

£ 

£ 

£ 

£ 

£ 

■gal  &  General   . 

31  Dec.  1896 

217 

674,820 

26,142 

S7>.'.'97 

32,561 

31,426 

371 

,w  Union  . 

31    „    1899 

68 

275,655 

8,259 

454,155 

14,965 

14,837 

329 

itish  Empire 

31    „    1899 

62 

214,925 

10,345 

214,925 

10,315 

10,739 

4-81 

irwicli  Union     . 

30  .Tun.  1896 

59 

210,444 

4,540 

277,591 

6,421 

7,851 

231 

w  Life 

31  Dec.  1899 

71 

174,067 

7,123 

263,467 

11,843 

10,658 

4-49 

irth  Brit.  &  Merc. 

31     „    1895 

46 

142,95:3 

7,515 

215,611 

9,47<! 

7,159 

439 

uitv  &  Law 

31    .,    1899 

50 

138,785 

9,155 

194,261 

13,261 

13,264 

683 

pie   . 

31    „    1897 

39 

127,975 

9,462 

137,510 

9.9"^ 

9,906 

721 

tioiial  Mutual    . 

31    „    1898 

75 

127,318 

4,091 

160,094 

4,692 

4,692 

293 

ardian 

31    „    1899 

67 

122,385 

6,350 

217,685 

11,390 

10,993 

5-23 

.ttish  Equit. 

lMar.1898 

68 

102,988 

7,057 

117,988 

7,801 

7,117 

661 

!e  Assocn. 

5  Apr.  1896 

38 

95,100 

3,576 

130,100 

4,089 

4,089 

314 

yal  Exchange    . 

31  Dec.  1895 

41 

82,309 

6,789 

83,809 

6,836 

6,836 

8-10 

iance 

31    „    1898 

25 

80,928 

2,953 

112,928 

4,297 

4,297 

3-81 

ck    .                .        . 

31    .,    1895 

19 

79,800 

3,868 

158,300 

9,780 

9,305 

618 

nmercial  Union 

31    „    1897 

36 

71,393 

2,911 

76,393 

2,961 

2,931 

3-88 

g.  &  Scot.  Law 

31    „    1895 

28 

66,314 

1,888 

84,814 

3,376 

3,376 

3-98 

perial 

31    „    1896 

25 

61,641 

3,437 

64,044 

3,509 

3,509 

548 

1  Life 

31    „    1896 

6 

60,025 

707 

60,025 

707 

797 

117 

as    . 

31    „    1899 

26 

53,320 

2,531 

83,220 

4,500 

4,500 

5-41 

ican 

31    „    1895 

21 

52,800 

2,194 

64,300 

2,662 

2,662 

444 

ndard 

31    „    1895 

13 

52,000 

1,919 

89,500 

3,102 

855 

347 

•nomic 

31    „    189S 

17 

47,872 

1,726 

17.S72 

1,726 

1,806 

3-61 

t.  Union  A:  Nat. 

31    „    1899 

14 

37,683 

1,496 

47,683 

1,916 

1,916 

4-08 

edonian    . 

31    .,    1897 

24 

36,845 

2,435 

41,345 

2.577 

1,889 

6-23 

nburgh    . 

31    „    1897 

20 

31,457 

1,012 

31,457 

1,012 

992 

3-31 

ssce. 

31    „    1895 

9 

30,640 

2,533 

30,610 

2,533 

1,928 

8-27 

ml  in  Hand 

31    .,     1898 

4 

28,190 

1,683 

28,190  ' 

1,683 

1,790 

5-97 

kshire 

lMar.l90j 

12 

26,525 

1,293 

27,500 

1,400 

1,478 

509 

ural 

31  Dec.  1897 

12 

21,981 

1,036 

25,484 

1,186 

1,186 

465 

iversal 

31    .,    1899 

3 

20,800 

*1,544 

*20,800 

*1,544 

1,544 

7-16 

/al  . 

31    „    1899 

12 

20,625 

490 

20,625 

490 

486 

237 

.  Lon.  &  Globe 

31    „    1898 

9 

18,700 

1,223 

18,700 

1,223 

1,162 

653 

rident 

31    „    1897 

5 

18,000 

785 

158,000 

7,558 

6,424 

4-78 

r.  Med.  &  Gen. 

30Jun.l896 

6 

17,907 

1,121 

17,907 

1,121 

1,121 

5'25 

litable 

31  Dec.  1899 

2 

17,000 

728 

38,000' 

1,390 

1,390 

365 

t.  Metro. 

31    „    1898 

15 

13,790 

616 

29,050 

1,876 

1,536 

645 

■them 

31    „    1895 

4 

11,879 

593 

15,257 

898 

898 

5-89 

stminster  &  Gen. 

31    „    1896 

8 

11,562 

410 

11,562 

410 

367 

355 

r 

31    „    1898 

2 

O.nnn 

94 

9,000 

94 

80 

1-44 

f  of  Glasgow    . 

31    „    1899 

7 

8,850 

372 

55,850 

2,316 

2,316 

4-20 

t.  Life     . 

31     „    1896 

7 

8,600 

169 

26,60U 

349 

291 

131 

riotie 

31    „    1899 

4 

7,500 

611 

7,500 

611 

205 

815 

[.Temp.  &  Gen.  Prov. 

31    „    1895 

2 

6,680 

693 

6,680  j 

693 

693 

10-37 

cash ire    . 

31    „    1899 

2 

5,500 

110 

5,500 ; 

110 

72 

2-00 

v.  Clerks 

31    „    1897 

3 

3,010 

73 

3,010  | 

73 

73 

2-10 

don  &  Lane.    . 

31    „    1897 

2 

3,000 

105 

3,000  | 

105 

105 

3-50 

ted  Kent 

25  Mar.  1897 

1 

2,896 

525 

2,896  , 

525 

577 

18-13 

•  don  Life 

31  Dec.  1897 

1 

2,500; 

150 

2,500 : 

150 

150 

600 

*  1.  of  Ireland     . 

31    „    1897 

1 

2,000 

60 

L'.uun 

60 

60 

3-00 

(•ine&Gen. 

31    „    1899 

1 

1,000 

25 

1,000 

25 

25 

2-50 

on  . 

31    .,    1897 

1 

200 

3 

200 

3 

3 

1-50 

•  >ffices 

1,310 

3,530,173  156,561 1 

4,874,991 

214,238 

204,722 

4-39 

*  Approximated. 
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REVIEWS. 


h'unyon's  Law  of  Life  Assurance.* 

Notwithstanding  the  fact  that  there  are  other — and,  in  many 
respects,  admirable — treatises  on  Life  Assurance  law,  actuaries  and 
the  profession  generally  have  always  had  a  particular  regard  for 
"  Bunyon."  The  reasons  for  this  are  quite  intelligible — in  the  first 
place,  the  work  in  its  various  editions  has  now  been  in  use  for  fifty 
years,  and,  in  the  second  place,  it  was  originally  written  by  one  who 
combined  great  legal  knowledge  with  practical  experience  of  the 
work  of  a  life  office  and  familiarity  with  the  kind  of  information 
most  frequently  required  by  officials  as  to  the  legal  aspects  of  the 
business.  For  the  present  edition  Mr.  Vesey  Fitzgerald  is  alone 
responsible,  and  although,  as  he  is  himself  the  first  to  admit  in  his 
Preface,  he  cannot  lay  claim  to  any  great  degree  of  familiarity  with  the 
practical  work  of  a  life  office,  his  reputation  as  a  lawyer  is  a  sufficient 
guarantee  that  the  new  edition  is,  from  a  legal  standpoint,  successful 
in  maintaining  the  high  standard  set  by  its  predecessors.  The 
second  edition  of  "Bunyon  "  appeared  in  1868,  and  the  third,  which 
appeared  in  1891,  had  therefore  to  deal  with  great  changes  in  the 
law — for  instance,  the  Life  Assurance  Companies  Acts,  the  Judicature 
Act  and  the  Married  Women's  Property  Acts.  In  the  interval  that 
has  elapsed  since  1891  there  have  been  no  such  sweeping  changes  as 
were  effected  by  the  Acts  mentioned,  but,  on  the  other  hand,  there 
have  been  numerous  Statutes  of  less  direct  bearing  upon  the  subject 
and  also  numerous  decisions  which  it  has  been  necessary  to  embody 
in  the  new  edition.  So  far  as  a  first  inspection  can  show,  the  editor 
is  fully  justified  in  claiming  that  the  work  is  up  to  date,  and  as  to 
the  value  of  the  legal  opinions  expressed  there  can  of  course  be  no 
question. 

The  form  of  the  treatise  remains  substantially  the  same,  although 
some  improvements  have  been  introduced,  e.g.,  a  further  division  of 
the  work  into  Parts  and  the  affixing  of  the  dates  to  the  cases 
contained  in  the  Table  of  Cases  Cited.  It  is,  however,  a  matter  of 
some  regret  that  the  index  is  not  even  fuller  and  more  extended  than 
is  the  case.  Seeing  the  frequent  necessity  of  quick  reference  to 
some  particular  point,  the  index  to  such  a  work  well  repays  any 
amount  of  time  and  trouble  that  may  be  spent  upon  it,  and  it  would 
certainly  have  been  desirable  that,  either  in  the  index  or  elsewhere,  a 
Table  of  Statutes  referred  to  should  have  been  given.  One  or 
two  omissions  may  be  noted  in  this  connection  ;  re  Carter  and 
Kenderdine,  referred  to  on  p.  534,  does  not  appear  in  the  Table  of 
Cases  ;  re  Griffith's  policy,  unlike  re  Browne's  policy,  is  referred 
to  p.  23  only  instead  of  to  p.  564  also.  Such  small  defects 
are  no  doubt  unavoidable,  and,  apart  from  the  question  of  the  index, 
if  any  adverse  criticism  could  be  passed  upon  the  new  edition  in 
principle  it  would  probably  take  the  form  of  regret  that  a  certain 
amount   of    matter    which    has   become    for    all   practical   purposes 

*  The  Law  of  Life  Assurance.     By  C.  J.  Bunvon,  M.A.     Fourth   Edition, 
by  J.  V.  Vesey  Fitzgerald,  K.C.     London:  C.  &  E.  Layton,  1904. 
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obsolete  continues  to  be  included,  for  instance,  the  remarks  as  to  the 
remuneration  of  medical  referees  on  p.  65. 

It  is  not  of  course  possible  to  deal  exhaustively  here  with  the 
whole  contents  of  a  volume  of  a  length  commensurate  with  its 
importance,  but  the  following  remarks,  suggested  by  a  perusal  of 
certain  of  the  chapters,  may  not  be  without  interest.  Part  I  deals 
with  the  Contract  of  Insurance  and,  inter  alia,  with  the  questions 
of  Insurable  Interest,  Proposal  and  other  Forms,  and  the  completion 
of  the  Policy.  Considerable  space  is  devoted  to  the  discussion  of 
what  constitutes  an  insurable  interest,  although  the  tendencv  of 
modern  practice  is  to  take  wider  views  on  this  question  than  formerly, 
provided  that  the  office  is  fully  satisfied  as  to  the  bond  fides  and 
standing  of  the  parties.  Various  instances  of  a  legal  insurable 
interest  are  given,  but  that  of  an  employer  in  the  life  of  his  servant 
is  not  referred  to  except  as  regards  American  practice.  It  may  here 
be  noted  that  the  decision  in  the  recent  unreported  case  of  Siracock 
v.  Scottish  Imperial  Insurance  Co.  is  at  variance  with  the  statement 
in  Harvey's  Lectures  on  Insurance  Law  that  the  value  of  the  interest 
of  an  employer  in  the  life  of  his  servant  does  not  depend  upon  the 
amount  paid  as  wages  but  on  the  expectation  of  pecuniary  advantage 
to  the  employer  from  the  engagement.  The  statement  appears, 
however,  to  be  reasonable,  and  would,  it  is  apprehended,  be  generally 
acted  upon  in  practice.  It  would  have  been  interesting,  too,  to  have 
had  a  reference  to  a  case  re  a  policy  of  the  Scottish  Equitable 
v">  L.  T.  720)  ;  this  was  the  case  of  a  policy  effected  by  a  man  "for 
behoof  of"  his  wife's  sister,  and  the  views  of  the  editor  would  have 
been  very  welcome  on  the  point  whether,  in  English  law,  a  man  can 
effect  a  policy  in  his  own  name  for  the  benefit  of  a  third  party  (apart 
of  course  from  assurances  under  the  Married  Women's  Property 
Acts) — whether,  in  other  words,  the  insertion  of  a  "  beneficiarv 
clause  "  as  in  America  is  operative  here,  and,  if  so,  whether  and  under 
what  conditions  the  beneficiary  can  be  changed.  The  chapters  on 
Proposal  and  Policy  necessarily  do  not  contain  much  that  is  new, 
except  that  the  important  case  of  Roberts  v.  Security  Co.  is  duly 
discussed.  ~Mr.  Fitzgerald  might,  it  would  seem,  have  greatlv 
strengthened,  by  a  reference  to  the  recent  case  of  Scott  v.  Coulson 
(referred  to  on  p.  376),  his  remarks  on  p.  S5  as  to  completion  of  a 
life  of  another  proposal  where  the  life  has  died  between  acceptance 
and  completion  unknown  to  either  the  office  or  the  proposer. 
Chapters  on  Accident,  Issue,  and  Guarantee  Policies  complete  Part  I, 
several  decisions  under  the  Workmen's  Compensation  Act  of  1S97 
being  duly  noted. 

Part  II  deals  with  the  Insurer  and  the  Constitution  of  Offices, 
and  appears  to  be  very  well  done.  It  would  perhaps  have  been 
unreasonable  to  look  for  any  reference  to  the  legal  position  of  sinking 
fund  policies  as  a  charge  against  the  Life  Assurance  Fund  {see 
pp.  225-6),  as  the  point  would  occur  only  to  those  actively  engaged 
in  life  office  work,  but  a  short  reference  might  have  been  made  to  the 
requirements  of  the  Companies  Acts,  1900,  as  to  certain  returns  to 
the  Registrar. 

Part  III  is  entitled  "Dealings  with  Policies",  and  the  only 
criticisms  that  occur  on  a  first  reading  are  that  nothing  appears  to  be 
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said  as  to  how  far  notices  of  assignment  of  policies  may  be  withdrawn, 
that  in  the  chapter  on  Voluntary  Settlements,  the  case  of  in  re  Gould 
(see  J. I. A.,  xxxv,  371,  note)  does  not  seem  to  be  referred  to,  and 
that  the  remarks  on  p.  445  as  to  the  unsuitability  of  reversionary 
interests  as  security  for  advances  will  not  meet  with  general  acceptance, 
unless  by  the  expression  "  reversionary  interests  ",  only  reversionary 
life  interests  are  meant  (which  appears  from  the  context  not  to  be 
the  case).  It  is  believed  that  at  any  rate  the  majority  of  Actuaries 
would  not  see  any  objection  to  advancing  by  way  of  ordinary  mortgage 
upon  absolute  reversions,  having  regard  to  the  powers  of  sale  and 
foreclosure  that  should  be  conferred  by  the  mortgage  deed,  and  even 
in  the  case  of  contingent  reversions  the  opinion  is  widely  held  that 
advances  by  way  of  mortgage  ma}-  safely  be  made,  subject  to  due 
enquiry  as  to  the  position  of  the  reversioner,  and  provided  that  the 
amount  of  the  advance  is  fixed  with  proper  regard  to  the  possible 
necessity  of  commuting  premiums  at  some  future  date,  and  with 
proper  regard  also  to  the  preservation  of  a  margin  sufficient  to  enable 
the  ordinary  mortgagees'  remedies  to  be  resorted  to  without  loss  if 
occasion  should  arise. 

Part  IV,  "Interests  under  Policies",  treats,  inter  alia,  of  the 
payment  of  claims  and  of  miscellaneous  subjects  such  as  Stamp 
Duties  and  Income  Tax.  The  Life  Assurance  Companies  Payment  into 
Court  Act,  1896,  is  duly  noted,  though  the  Chancery  proceedings  in 
Harrison  v.  Alliance  Assurance  Co.,  subsequent  to  the  King's  Bench 
and  Appeal  decisions  do  not  appear  to  have  come  before  the  editor. 
As  an  illustration  of  the  care  taken  to  bring  the  references  up  to 
date,  it  maybe  mentioned  that  the  chapter  on  Stamp  Duties  contains 
a  reference  to  the  very  recent  case  of  Prudential  Assurance  Co.  v. 
Commissioners.  It  is  stated,  p.  6S1,  that  a  receipt  for  the  policy 
money,  or  for  the  surrender-value,  endorsed  on  a  duly  stamped 
policy  is  not  considered  to  require  a  receipt  stamp  ;  this,  however,  is 
a  point  upon  which  varying  rulings  have  been  given  by  the  Eevenue 
authorities  from  time  to  time.  The  chapter  on  Income  Tax  appears 
to  be  very  well  done,  although  the  recent  extension  of  16  and  17 
Vict.  c.  34,  §  54,  to  Colonial  Companies  is  not  noted. 

In  conclusion,  it  may  be  pointed  out  that  to  write,  or  to  edit,  a 
text-book  on  the  Law  of  Life  Assurance  is  no  easy  matter.  There 
is  no  Law  of  Life  Assurance  standing  by  itself  ;  the  Law  of  Contract, 
the  Law  of  Companies,  the  Law  of  Mortgage,  and  numerous  other 
branches  of  the  law,  not  to  mention  fiscal  provisions,  have  all  to  be 
brought  [under  review.  This  fact  increases  the  debt  of  gratitude 
which  the  profession  owes  both  to  the  original  author  of  this  text- 
book and  to  his  collaborator  and  successor,  and  it  may  confidently  be 
predicted  that,  in  spite  of  a  few  minor  imperfections,  the  new  edition 
of  "  Bunyon  "  will  be  heartily  welcomed  and  appreciated. 

J.  E.  F. 
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British  Offices  Life  Tables,  1893,  Select  Tables,  Participating  and 
Non- Participating  Assurances.* 

The  book  before  us  may  well  be  called  tbe  eigbth  volume  of  tables 
published  in  connection  with  the  completed  investigation  into  the 
Mortality  Experience  of  British  Life  Assurance  Companies,  undertaken 
by  the  Institute  of  Actuaries  and  the  Faculty  of  Actuaries.  It  is 
not  official,  but  it  follows  official  lines,  and  has  been  compiled  by  the 
methods  which  were  officially  adopted  by  the  Joint  Committee. 
Moreover,  the  senior  author,  Mr.  H.  J.  Baker,  was  officially  responsible 
to  the  Joint  Committee  for  the  calculation  of  the  Mortality  and 
Monetary  Tables  based  upon  the  Assurance  Experience,  and  the 
Mortality  Tables  based  upon  the  Annuity  Experience,  which  have 
appeared  in  the  official  volumes.  Xothing  more  need  be  said  as  to 
the  general  form  of  the  present  work,  and  as  to  its  arithmetical 
accuracy.  Messrs.  Baker  and  Raisin  are  to  be  congratulated  on  being 
the  pioneers  in  the  private  enterprise  required  in  order  to  complete 
the  canon  of  tables  necessary  to  bring  into  everyday  use  the  great 
experience  which  we  owe  to  the  public  spirit  of  the  two  Chartered 
Societies,  and  of  the  British  Companies.  The  Seventeen  Offices' 
Experience  was  practically  a  failure  in  this  country,  only  on  account 
of  the  absence  of  subsidiary  Monetary  Tables.  The  Institute  of 
Actuaries'  Experience  was  a  great  success,  thanks  to  the  Institute 
itself  for  the  volume  of  Institute  of  Actuaries'  Life  Tables,  and  to 
Mr.  R.  P.  Hardy  for  his  Valuation  Tables.  It  is  safe  to  prophesy 
that  the  British  Offices'  Experience  will  be  at  least  an  equal  success, 
aa  a  result  of  the  industry  of  the  Joint  Committee,  and  of  private 
individuals  such  as  Messrs.  Baker  and  Raisin. 

The  new  volume  deals  entirely  with  "  Select "  Values,  and 
therefore,  coupled  with  the  small  book,  "  Select  Tables  ",  published 
a  year  ago  by  the  Joint  Committee,  marks  an  epoch  in  the  history  of 
life  assurance.  Formerly,  selection  was  ignored.  Now  it  is  accepted 
as  the  guiding  principle  ;  and,  if  only  a  reasonably  simple  method 
could  be  devised,  we  may  be  sure  that  in  the  near  future  valuations 
would  be  made,  as  well  as  premiums  calculated,  on  a  select  basis. 

The  first  section  of  the  book  consists  of  tables  calculated  on  the 
Experience  of  Participating  Policies.  This  section  is  merely  a 
valuable  supplement  to  the  official  "  Select  Tables."  In  the  official 
volume  we  find  tabulated  at  2|  per-cent,  3  per-cent,  3^  per-cent,  and 
■4  per-cent  interest,  fully  extended  tables  of  Dte>H  and  STIX}ftJ  for 
all  values  of  t,  including  the  ultimate  values ;  also,  as  at  date  of 
assurance  only,  the  values  of  a[x],  Aw,  Pw  and  o^,  and  the  temporary 
annuities,  a{j,-  for  all  values  of  n.  Messrs.  Baker  and  Raisin  do  not 
repeat  any  of  these  tables,  except  that  of  a[x],  but  they  give  us 
logD^jrh  and  logST^^  in  complete  form,  and  also,  similarly  complete, 
QxH-f)  M[itH_i,  RM4.j,  logMU]_j  and  a[x]_t.  There  are  valuable  additions 
also  for  Endowment  Assurances,  in  tables  of  A^.^  and  PW:u  for 
maturity  ages  45,   50.   &c.,    up  to  70  ;    and  for  Limited   Payment 

*  "  British  Offices  Life  Tables,  1S93.  Select  Tables,  deduced  from  the 
Graduated  Experiences  of  Whole-Life  Participating  and  Xon-Participating 
Assurances  on  Male  Lives."  By  Henry  J.  Baker,  F.I.  A.,  and  Arthur  H.  Raisin, 
F.I. A.     London  :  C.  &  E.  Layton,  56,  Farringdon  Street,  E.C. 
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Policies,  in  uPprj,  for  values  of  ?i,  5,  10,  etc.,  up  to  40  ;  all  these  being 
given  as  at  date  of  assurance  only. 

At  the  rates  of  interest  already  named,  the  two  volumes  are 
complementary  to  each  other,  and  in  many  calculations  must  be  used 
simultaneously.  This  is  a  slight  drawback,  but  is  unavoidable. 
Messrs.  Baker  and  Raisin,  however,  provide,  at  2J  per-cent  and 
'S\  per-cent  interest,  complete  tables,  embracing  all  the  functions 
enumerated  above,  with  the  exception  of  o[xx],  so  that  for  these  rates 
of  interest  reference  to  their  own  book  alone  is  necessary . 

As  regards  mortality  functions  without  interest,  the  official 
publication  supplied  complete  tables  of  /w^(,  d^jftj  ?w-«,  and  n[x]+t, 
with  their  logarithms,  and  a  table  of  uniform  seniority.  Messrs. 
Baker  and  Baisin,  besides  repeating  the  tables  of  /U]t(  and  ^U]+{,  add 
the  very  useful  functions,  p[x]+t  and  logp[x]+t,  as  also  the  curtate 
expectation  of  life  as  at  the  date  of  assurance,  and  ten  years  after 
that  date. 

In  this  first  section  of  the  work  we  have  a  most  welcome 
replenishment  of  our  arsenal  of  actuarial  weapons. 

The  second  section  of  the  book  is  devoted  to  tables  based  on  the 
Select  Experience  of  Xon-Participating  Assurances,  and  is  thus 
entirelv  new,  and  very  valuable,  if  for  no  other  reason  than  that  it 
provides  the  best  measure  yet  extant  of  the  risk  in  this  class 
of  business,  including  Temporary  and  Contingent  Assurances.  The 
Mortality  Tables  themselves  were  constructed  by  Mr.  Gr.  F.  Hardy 
in  the  way  explained  in  his  Memorandum  given  in  the  Journal, 
vol.  xxxviii,  p.  501.  By  Mr.  Hardy's  ingenious  process,  although 
select,  they  involve  Makeham's  law,  and  therefore  the  property 
of  uniform  seniority  is  retained.  Moreover,  the  constant,  c,  being 
identical  in  all  the  assurance  tables  of  the  British  Offices,  the  same 
senioritv  prevails  throughout.  In  his  Memorandum  Mr.  Hardy 
gave  fully  extended  tables  of  1ixW,  dlx]+t,  pM+t,  qM-t,  and  ft^t,  with 
their  logarithms,  and  these  are  repeated,  with  permission,  by  Messrs. 
Baker  and  Baisin,  who  also  add  a  table  of  the  Curtate  Expectation  of 
Life  as  at  the  date  of  assuring,  and  five  years  thereafter. 

The  monetary  tables  are  at  2h  per-cent,  3  per-cent,  and 
3£  per-cent  interest,  and  comprise  complete  tables,  including  the 
ultimate  values,  of  T>m+t,  2Jm+t,  and  Mm+t,  with  their  logarithms, 
and  olx)+£;  while  at  the  date  of  assuring  we  have  also  Am  and  Pm, 
and  am  repeated  ;  and,  at  3  per-cent  interest  only,  a  complete  table 
of  temporary  annuities,  a[x]r^  . 

All  these  are  very  useful,  but  an  acquisition  equally  valuable  is 
the  table  of  single  and  annual  premiums  for  temporary  assurances 
of  from  one  to  ten  years'  duration,  and  the  small  table  on  page  hi, 
Introduction,  in  which  these  new  rates  are  compared  with  those 
derived  from  the  0[M]  select,  and  from  the  H[M]  select  tables 
respectively.  The  new  0[NiI]  rates  are,  as  was  to  be  expected,  higher 
throughout  than  the  0[M],  and  also,  except  at  the  young  ages, 
higher  than  the  H[M].  Probably  this  is  the  table  of  Term  Premiums 
which  will  be  most  widely  adopted  in  the  near  future.  An  expression 
in  Mr.  Hardy's  Memorandum  above  named  (see  his  paragraph  10, 
J.I.A.,  xxxviii,  507),  would  seem  to  raise  the  question  whether  these 
rates  for  the  terms  of  two  and  four  years  are  to  be  trusted,  but, 
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seeing  that  they  correspond  accurately  with  the  rates  for  other  terms, 
we  do  not  think  there  need  be  any  misgiving  under  this  head. 

The  last  feature  to  be  noticed  of  the  book  under  review  is  the 
table  at  3  per-eent  interest  of  single  and  annual  premiums  for 
Contingent  Assurances.  The  rate  of  mortality  for  the  assured  life  is 
taken  by  the  new  0[NM]  Table,  while  that  of  the  counter-life  is  taken 
by  the  British  Offices  Female  Annuitant  Select  Table  Ota/].  This  is 
a  combination  which  should  ensure  safe  rates  for  such  assurances, 
although  the  mortality  of  lives  assured  under  contingent  policies  is 
notoriously  high.  Messrs.  Baker  and  Raisin,  in  the  Introduction,  p.  iv, 
give  an  interesting  comparison  of  their  annual  premiums  with  those 
computed  on  various  other  bases,  and  it  is  satisfactory  to  note  that 
our  old  friend  the  Carlisle  Table  gives  rates  which  may  be  trusted, 
where  the  life  assured  is  not  more  than  -10  years  of  age,  and  is  younger 
than  the  counter-life.     These  conditions  generally  prevail  in  practice. 
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THE     INSTITUTE     OF     ACTUARIES. 


OBITUARY  NOTICES. 

The  President  (Mr.  Henry  Cockburn),  before  delivering  his 
inaugural  address  on  2S  November  1904,  referred  in  the  following 
terms  to  the  loss  which  the  Institute  had  sustained  by  the  death  of 
two  of  its  prominent  members. 

Mr.  Archibald  Day. 

Since  the  last  meeting  the  Institute  had  lost  by  death  one  who 
was  a  familiar  figure  in  that  room,  their  friend  Mr.  Archibald  Day. 
Mr.  Day  was  one  of  the  very  oldest  members  of  the  Institute ;  he 
was  one  of  the  candidates  who  presented  themselves  for  examination 
on  the  first  occasion  an  examination  was  held  by  the  Institute,  in  the 
3*ear  1850,  when  he  passed  the  examination.  During  the  long  period 
of  his  membership  his  interest  in  the  Institute  had  never  abated. 
He  filled  in  turn  the  offices  of  Honorary  Secretary,  Vice-President, 
and  President,  and  he  was  a  member  of  Council  during  no  less  than 
twenty-seven  years  of  his  membership.  He  contributed  to  the 
Journal,  and  for  many  years  he  attended  the  meetings  regularly,  and 
beyond  all  he  was  a  man  greatly  esteemed  and  respected.  Open- 
hearted  and  kindty,  he  was  the  friend  not  only  of  his  contemporaries 
in  the  Institute,  but  also  of  other  members  junior  to  himself,  many  of 
whom  were  his  debtors  for  assistance  and  encouragement,  which  he 
cheerfully  gave  them.  The  Institute  had  lost  one  of  its  staunchest 
supporters,  and  many  of  the  members  had  lost  a  real  friend,  whose 
presence  would  long  be  missed,  and  whose  name  would  be  held  in 
honourable  remembrance. 

Mr.  Datid  Deuchar. 

They  had  also  to  deplore  the  loss  by  death  of  Mr.  David  Deuchar, 
of  Edinburgh,  an  old  friend  of  many  of  them,  and  a  man  of  high 
purpose  and  ability  in  his  profession.  Mr.  Deuchar's  Fellowship 
dated  from  1869.  He  served  several  times  on  the  Council,  and  he 
was  a  member  of  the  Joint  Committee  of  the  Institute  and  the 
Faculty  on  Mortality  Investigation,  in  the  work  of  which  he  took 
great  interest.  Shrewd  and  sympathetic,  not  sparing  of  himself, 
Mr.  Deuchar,  by  his  native  qualities  and  by  his  good  work,  commanded 
the  sincere  respect  of  all  who  knew  him. 


EXAMINATION   QUESTIONS. 

By  order  of  the  Council,  a  pamphlet  has  been  prepared  containing 
a  reprint  of  the  Examination  Questions  for  the  years  1902,  1903,  and 
190-1.  Copies  may  be  had  from  the  Assistant  Secretary,  at  the  price 
of  Is.  6(7.  each. 
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SYLLABUS   OF   MESSENGER   PRIZES,   1905. 

The  Council  of  the  Institute  of  Actuaries  have  resolved  to  offer 
Two  Prizes,  of  the  value  of  Fifty  Guineas  and  Twenty-five  Guineas 
respectively,  for  the  two  best  Essays  on  the  following  subject, 
namely : 

"  The  Methods  of  ascertaining  the  Rites  of  Mortality  amongst 
the  General  Population  of  a  Country,  District  or  Town, 
or  amongst  different  classes  of  such  population,  by  means 
of  Returns  of  Population,  Births,  Deaths  and  Migration.'''' 

While  Competitors  will  have  complete  freedom  in  their  treatment 
of  the  subject,  the  following  points  are  suggested  as  being  very 
suitable  for  consideration.  Due  account  will  be  taken  of  the  degree 
of  completeness  with  which  the  subject  has  been  discussed. 

1.  Methods  of   collecting   the  data,  including  precautions  for 

preventing  errors  likely  to  occur  through  carelessness  or 
ignorance. 

2.  Methods    of    collating    and    summarizing    the   data.     The 

Schedule  System.  The  Card  System,  with  or  without 
mechanical  means  of  sorting  and  enumerating. 

3.  The     detection     of,     and     corrections      for,     errors     and 

misstatements  of  ages,  &c. 

4.  The  interpolation  of  the  numbers  for  each  year  of  age  when 

the  Returns  are  available  for  grouped  ages  only. 

5.  Allowance  for  the  effect  of   migration  in  an  old  Country 

and  in  a  new  Country,  and  for  fluctuations  (diurnal 
and  permanent)  and  shiftings  of  population. 

G.  Infantile  Mortality. 

7.  The  methods  of  deducing  the  Rates  of  Mortality. 

8.  The   errors  involved   in   making  comparisons  between   the 

Rates  of  Mortality  amongst  different  Sections  of  the 
community  without  proper  allowance  for  differences 
of  age  distribution.  The  means  of  making  proper 
comparisons.  Rates  of  Mortality  according  to 
occupation. 

9.  The    methods     adopted    in    the     principal     Colonies     and 

Foreign  Countries. 

Competitors  will  be  expected  to  deal  both  with  the  theoretical 
basis  and  the  practical  application  of  the  methods  of  calculation  and 
the  formula?  discussed,  but  extended  numerical  calculations  are 
not  desired,  except  so  far  as  they  may  be  necessary  for  purposes 
of  illustration.  New  methods  which  may  be  suggested  should 
be  fully  discussed  and  investigated. 


128  The  Institute  of  Actuaries.  [Jan.  1905. 

CONDITIONS   OP   THE   COMPETITION. 

1.  The   Essays  must  be  sent  to  the  Honorary  Secretaries  of   the   Institute  of 

Actuaries,  at  Staple  Inn  Hall,  Holborn,  London,  W.C.,  not  later  than 
30  September  1906. 

2.  The  Adjudicators  shall  be  the  President  and  Vice-Presidents  of  the  Institute 

at  that  date. 

3.  Each  Competitor  must  send  in  his  name,  under  seal,  with  a  Motto  correspond- 

ing to  one  to  be  prefixed  to  his  Essay.  Such  Motto  and  Essay  must  not  be 
in  the  handwriting  of  the  Competitor,  and  should  be,  where  practicable, 
type-written. 

J.  The  Essay  should  (a)  cousist  of  numbered  paragraphs,  (b)  if  possible  be 
divided  into  Sections  under  appropriate  headings,  (c)  contain  an  extended 
Table  of  Contents,  enabling  ready  reference  to  every  important  point. 

5.  Successful  Essays  shall  become  the  property  of  the  Institute. 

6.  Unsuccessful  Essays  will  be  returned,  on  applicatiou  at  the  Institute,  with  the 

corresponding  envelopes  unopened. 

V.  No  Prize  will  be  awarded  except  to  an  Essay  which  the  Adjudicators  consider 
to  be  worthy  of  the  distinction,  and  a  prize  will  be  divided  if  they  so 
recommend. 

8.  The  Competition  shall  be  open  to  all  Members  of  the  Institute. 

GEORGE   TODD,  ")     ir 

(    Honorary 
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1881       Frankland,      Frederick     William, 
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New  Zealand. 

1900  fFraser,  Alexander,  Jr.,  F.F.A., 
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19  St.  Andrew-sq.,  Edinburgh. 
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1901  f  Galer,  Frederic  Bertram,  B.A., 

Hock  Life  Assurance  Company, 
15  New  Bridge-street,  E.c. 

1902  f  Gillies,  George, 

Union  Assurance  Society,  SI 
Cornhill,  E.c. 

1887       Gillison,  John  Brotch,  F.F.A., 

Na  /ion  a  I  Mu  tualL  if- Assoc  ia  lion 
of  Australasia,  76  &  77  Cornhill, 
E.C. 

1878       Gordon,  Charles,  F.F.A., 

South  African  Mutual  Life 
Assurance  Society,  Cape  Town, 
South  Africa. 

1901  f  Gordon-Smith,  Randolph,  F.F.A., 
Scottish  Amicable  Life  Assur. 
Soc, 3d  St.  Uincent-pl.,  Glasgow. 

18S2     fGraham,  James,  F.F.A., 

Australian  Widows'  Fund  Life 
Assurance  Society,  Collins-street- 
wesf,  Melbourne,  Australia. 

1904    fGrant,  Milton  Daniel,  B.A., 

Government  Insurance  Depart- 
ment, Ottawa,  Canada. 

1886       Gunn,  Niel  Ballingal,  P.F.A., 

Scot  tishAmicableLife Assur.  Soc., 
35  St.  Vincent-place,  Glasgoiv. 

1864       Harben,  Sir  Henry, 

Prudential  Assurance  Company, 
Holborn-bars,  E.c. 

1880    fHardy,  George  Francis, 

7  Broad-street  House,  E.c. 


Date  of 
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1870  fHardy,  Ralph  Price, 

61  Addison-road ,  W. 

1893     fHarris,  Arnold  Stoughton,  M.A., 
Clerical,  Medical  3f  General  Life 
Assurance  Society,  36  Park-row, 
Leeds. 

1S92     fHart,  James  Robert, 

Pelican  and  British  Empire  Life 
Office,  70  Lombard-street,  E.C. 

1879       Harvey,  Chas.  J., 

Colonial  Life  Insurance  Co.  of 
America,  Jersey  Citi/,  N.J., 
U.S.A. 

1888  f  Hemming,  Arthur  George,  F.S.S., 
London  Assurance  Corpora/ion, 
7  Royal  Exchange,  E.C. 

1896     fHenderson,    Robert,    B.A.,   Mem. 
Act.  Soc.  Amer., 
Equitable  Life  Assurance  Soc.  of 
the  United  States,  120  Broadway, 
New  York,  U.S.A. 

1864       Hendriks,  Augustus,  F.S.S.,  Mem. 

Act.  Soc.  Amer.  (Past  Pbesi- 

dent,  1892-91), 
6   Observatory-gardens,  Kensing- 
ton, w. 

"gk*     Hendriks,  Frederick,  F.S.S., 
Charter.       7  Vicarage-gate,  Kensington,  W. 

1883       Hewat,  Archibald,  F.F.A., 

Edinburgh  Life  Assurance  Co., 
22  George-street,  Edinburgh. 

1871  fHigliam,    Charles    Daniel,    Mem. 

Act.  Soc.  Amer.  (Past-Pbesi- 

dent,  1900-2), 
London    Life   Association,  Ltd., 
81  King  William-street,  e.c 

1898     f Hodgson,  William  Horsford, 

Law  Life  Assurance  Society, 
187  Fleet-street,  e.c. 

1S99     f  Holliday,  John,  M.A.,  F.S.S., 

New  York  Life  Insurance  Co., 
124  Bua  du  Ouvidor,  Bio  de 
Janeiro. 

1888     fHopkins,  William  Raynes, 

London  and  Lancashire  Life 
Assur.  Co.,  66  %  67  Cornhill,  e.c. 

1890     f Hovil,  Lewis  Frederick, 

National  Provident  Institution, 
48  Gracechurch-sireet,  E.c. 
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1571     tHughes,  William,  Mem.  Act.  Soc. 
Amer.  (Ex-President), 
62  Palace-road,  Tulse-hiU,  S.w. 

1894     fHutcheson,     William     Anderson, 

F.F.A.,  Mem.  Act.  Soc.  Amer., 

Mutual  Life  Insurance  Company 

of  New  York,  Nassau-street, New 

York,  U.S.A. 

1893     fHutton,  William,  F.F.A., 

Scottish   Amicable    Life    Assur. 
Soc,  1  Threadneedle-streef,  E.C. 

1903     fJarman,  William  Rees,  B.A., 
National  Belt  Office,  E.C. 

1869     fJustican,  Edwin,  F.S.S., 

Gresham  Life  Assurance  Society, 
St.  Mild red' s-house,  Poultry,  E.C. 

1902     fKenchington,  Charles  William, 

Prudential  Assurance  Company, 
Holborn-bars,  B.C. 

1S97     fKentisli,  Owen, 

Economic  Life  Assurance   Soc, 

6  New  Bridge-street,  e.c. 

1874     fKing,  George,  F.F.A.,  Mem.  Act. 
Soc.  Amer.  (Yice-Pbeside>*t), 
15  Walbroolc,  e.c. 

1887     fKyd,  Thomas,  F.F.A., 

Northern    Assurance     Company, 
1  Union-terrace,  Aberdeen. 

1882       Lancaster,  William  John,  J.  P., 
South  Lynn,  Putney-hill,  s.W. 

1S94  tLaughton,AlexanderMillar,F.F.A., 
National  Mutual  Life  Assoc,  of 
Australasia,  Limited,  Corner  of 
Collins  and  Queen-streets,  Mel- 
bourne, Australia. 

18S7     fLemon,  William  Kent,  Barrister- 
at-Law, 
1  Vanbrugh-terrace,  Blackheath, 
S.E. 

1896     fLevine,  Abraham,  M.A., 

National    Mutual    Life    Assur. 
Soc,  39  King-st.,  Cheapside,  E.C 

1896     fLewis,  John  Xorman,  F.F.A., 

London  Assurance   Corporation, 

7  Royal  Exchange,  E.c. 

1892     fLidstone,  George  James, 

Alliance  Assurance  Co.,  Limited, 
Bartholomew-lane,  E.c. 


Date  of 
becoming 
a  Fellow. 

1901     fLittle,  James  Fulton, 

Mutual  Life  Association  of  Aus- 
tralasia, Sydney,  Australia. 

1899       Low,  George  Maeritchie,  F.F.A., 
Scottish   Equitable  Life  Assur. 
Society,  28   St.  Andrew-square 
Edinburgh. 

1899  tLutt,  Harold  Edward  William, 

Northern  Assurance  Company, 
1  Moor  gate-street,  E.C 

1898     +Macaulay,  Thomas  Bassett,  Mem. 
Act.  Soc.  Amer., 
Sun     Life    Assurance     Co.    of 
Canada,  Montreal,  Canada. 

1874       McCliutock,    Emory,    Mem.    Act. 
Soc.  Amer., 
Mutual  Life  Insurance  Company 
of    New     York,      New      York, 
U.S.A. 

1894     fMcDonald,  John, 

Prudential  Assurance  Company 
Holborn-bars,  e.c 

1883     t^cGowan,  James,  B.A., 

The  Treasury,  Cape  Town,  South 
Africa. 

1885       Mackenzie,     Alexander      George, 
F.F.A., 
47    York-terrace,  Begent's-park, 
y.vr. 

1900  t^Iacnaghten,  Steuart  Edye,  A.C.  A., 

Equity  S[  Law  Life  Assur.  Soc, 
18  Lincoln'  s-inn-fields ,  \r.c. 

1901  fMacphail,  Donald,  F.F.A., 

Yorkshire  Insurance  Company, 
York. 

1870     fManly,  Henry  William,  Mum.  Act. 

Soc.  Amer.  (Past  Prbsideitt 

1898-1900), 
Equitable  Life  Assurance  Soc. 
Mansion-house-street,  E.c 

1890  fMarks,  Geoffrey  (Libbabias) 
National  Mutual  Life  Assur. Soc 
39  King-street,  Cheapside,  e.c 

1900     tMarr,  Vyvyan,  F.F.A., 

Edinburgh  Life  Assurance  Co., 
22  George-street,  Edinburgh. 

1902  filay>  Basil, 

National  Mutual  Life  Assur. 
Soc,  39  King-street,  Cheapside, 
B.C. 


FELLOWS. 

Those  marked  t  are  Fellows  by  Examination. 


Date  of 
becoming 
a  Fellow. 

1897     fMay,  George  Ernest, 

Prudential  Assurance  Company, 
Sol  born-bars,  E.C. 

1897     fMiller,  Neville, 

London  Assurance  Corporation, 
7  Eoyal  Exchange,  E.C. 

1893     fMilner,  John  William, 

North  British  \  Mercantile Insur. 
Co.,  61  Thread  needle-street,  E.c. 

1892     fMilton,  Henry,  M.A., 

Law  Debenture  Corporation, 
Ltd.,  41  Threadneedle-street,  E.C. 

1899  tMoir,   Henry,  F.F.A.,  Mem.  Act. 

Soe.  Amer., 
Provident    Savings   Life  Assur. 
Soc,  346  Broadwau,  New  York, 
U.S.A. 

1890     fMolyneux,  Arthur  Ernest, 

Provident  Clerks'  and  General 
Mutual  Life  Assurance  Assoc, 
27  4'  29  Moorgate-street,  E.c. 

1901     fMoorhouse,  Alfred, 

Friends'  Provident  Institution, 
Bradford,  Yorkshire. 

1897     fMoors,     Elphinstone    MacMahon, 
M.A., 
University  of  Sydney,  Australia. 

1896     fMoran,  Joseph  Flack, 

Marine  cf  General  Mutual  Life 
Assurance  Society,  14  Leaden- 
hall-street,  E.C. 

1900  fMorgan,  Benjamin  Charles,  M.A., 

Commercial  Union  Assur.  Co., 
24,25  cf  26  Cornhill,  e.c 

1895     fM uter,  Percy, 

Sew  Zealand  Government  Life 
Insurance  Department,  Wel- 
lington, New  Zealand. 

1888     fXash,  Willie  Oscar, 

Law  Reversionary  Interest  Soc, 
Ltd.,  2-±Lincoln,s-inn-felds,vr.c. 

18S3       Keison,  Francis  G.  P.,  F.S.S., 

19  Alingdon-st.,  West minster,s.w. 

1888    fNewman,  Philip  Lewin,  B.A., 

Yorkshire  Insurance  Co.,   York. 

1865       Newton,  Algernon,  M.A., 

c  o  London  \  Westminster  Bank, 
94  4"  96  High-st.,  Kensington,  w. 


Date  of 
becoming 
a  Fellow. 

1887 


1903 


1901 


1899 


1864 


1891 


Under 

the 

Charter. 


1S91 


1903 


1S99 


1897 


1901 


1902 


1904 


1898 


1888 


fXightingale,  Harry  Ethelston, 
Royal  Exchange  Assurance  Cor- 
poration, Royal  Exchange,  E.C. 

fNorris,  Charles  Arthur, 

National  Mutual  Life  Associa- 
tion of  Australasia,  Limited, 
Melbourne,  Australia. 

tNorton,  William  Ernest, 

National  Provident  Institution, 
48  Gracechurch-street,  E.c 

tParkcr,  Robert  Peter, 

Sun  Life  Assurance  Society, 
63  Threadneedle-street,  E.C. 

Pearson,  Arthur, 
Betchworth-house,     The     Bank, 
Highgate,  N. 

fPhelps,  William  Peyton,  M.A., 
Equity  and  Law  Life  Assur.  Soc, 
18  Lincoln' s-inn-f  elds,  W.C. 

Priestley,  John  George, 
44  St.    German' s-road,    Forest- 
hill,  S.E. 

fPulley,  William  Pritchard, 

Norwich  Union  Life  Insur.  Soc, 
71  4'  72  King  William-st.,  E.C. 

fRae,  Joseph, 
Finance  Department,  Toivn-hall, 
Upper-street,  N. 

fRaisin,  Arthur  Herbert, 

Pelican  and  British  Empire  Life 
Office,  70  Lombard-street,  E.c 

fRees,  Martin, 

Law  Reversionary  Interest  Soc, 
Ltd.,  24  Lincoln's-inn-felds,y>.C. 

fReeve,  Charles  Ernest, 

Royal  Exchange  Assurance  Cor- 
poration, Royal  Exchange,  E.C 

fRichmond,  George  William, 

Scottish  Widows'  Fund  and  Life 
Assur.  Society,  28  Cornhill,  E.c. 

f  Rietschel,  Hermann  Julius, 

Sun  Life  Assurance  Society, 
63  Threadneedle-street,  E.C. 

fRobinson,  George  Frederick, 
Legal  and   General  Life  Assur. 
Society,  10  Fleet-street,  E.c 

fRusher,  Edward  Arthur,  F.S.S., 
Prudential  Assurance  Company, 
Holborn-bars,  E.C. 


FELLOWS. 


Those  marked  t  are  Fellows  by  Exavrination. 


Date  of 
becoming 
a  Fellow. 


1891 


1857 


1896 


Untie 

the 

Charter 


fRyan,  Gerald  Hemmington,  Mem. 
"  Act.  Soc.  Ainer.  (Tkeasubee), 
Pelican  and  British  Empire  Life 
Office,  70  Lombard-street,  E.C. 

fSalmon,  Richard  George,  F.S.S., 
Su?i     Life     Assurance     Society, 
63   Thread  needle-street ,  E.c 

Saunders,  Harris  Charter  Lindon, 
F.R.A.S., 
"  Marquise,"  Twickenham. 

fSchooling,  Frederick  (  Yice-Pbes.), 
Prudential  Assurance  Company, 
Sol  born-bars,  E.c. 

fSearle,  George  Morley, 

Sun  Life  Assurance  Society, 
63  Threadneedle-street,  E.C. 

fSbannan,  William  Charles, 

Prudential  Assurance  Company, 
Holborn-bars,  E.c. 

tSim,  William  Aberuethy,  F.F.A., 
Scottish  Union  and  National 
Insurance  Co.,  35  St.  Andrew- 
square,  Edinburgh. 

fSmither,  Arthur, 

luce's,  Scaynes-hill,  Lindfield. 

fSomerville,  William  Finlay, 

Liverpool  and  London  and  Globe 
Insurance  Co.,  7  Cornhill,  E.C. 

fSorley,    James,    F.F.A.,    C.A., 
F.R.S.E., 
32  Onflow-square,  s.w. 

fSpencer,  John, 

English  and  Scottish  Law  Life 
Assurance  Assoc,  12  Waterloo- 
place,  s.w. 

fSprague,    Alfred    Ernest,    B.Sc, 
M.A.,  F.F.A., 
Edinburgh  Life  Assurance   Co., 
22  George-street,  Edinburgh. 

Sprague,     Thomas     Bond,    M.A., 

LL.D.,     Hon.  F.F.A.,     F.S.S., 

F.R.S.E.    (Past    Peesiuem, 

1882-S6), 

29  Buckingham-ter.,  Edinburgh. 

fStahlschmidt,  Louis, 

Alliance  Assurance  Co.,Limited, 
Bartholomew-lane,  e.c 

Stevens.  Charles, 
Aberdeen  He,  Preston,  Brighton. 


Date  of 
becoming 
a  Fellow. 

1888 


Stewart,  John,  F.F.A.. 
City  of  Glasgow  Life  Assur.  Co., 
30  Benfi eld-street,  Glasgow. 

1898  Stirling,  Robert,  F.F.A., 

Lav:  Union  8[  Crown  Insurance 
Co.,  126  Chancery-lane,  W.C. 

1892  fStraker,  Edward  Robert, 

Pelican  and  British  Empire  Life 
Office,  70  Lombard-street,  E.C. 

1S78     fStraker,  Frank  Arthur, 

Legal  and  General  Life  Assur. 
Society,  10  Fleet-street,  E.c. 

1902     fStroug,  William  Richard, 

London  Guarantee  <Sf  Accident 
Co.,  61  Moorgate-street,  E.c. 

1881     fStuart,  John  Moody,  F.F.A., 

Leeds  Permanent  Benefit  Build- 
ing Society,  Victoria  -  buildings, 
Park-lane,  Leeds. 

1900  fSutherland,  John,  M.A., 

Australasian  Temperance  and 
General  Mutual  Life  Assurance 
Society,  Swanston-street,  Mel- 
bourne, Australia. 

18S9     fTarn,  Arthur  Wyndham, 

Westminster  and  General  Life 
Assurance  Association,  28  King- 
street,  Covent-garden,  w.c. 

1887       Teece,    Richard,    F.F.A.,    F.S.S., 
Mem.  Act.  Soc.  Ainer., 
Australian     Mutual     Provident 
Society,  Sydney,  Australia. 

1872  Templeton,  Col.  John  M.,  C.M.G., 
National  Mutual  Life  Associa- 
tion of  Australasia,  Melbourne, 
Australia. 

1864     fTerry,  James, 

Hernlee,  Lyme  Segis,  Dorset. 

1889     fThiselton,  Herbert  Cecil,  F.F.A., 

Mem.  Act.  Soc.  Ainer., 
Mand-in-Eand   Insurance    Soc, 
26  New  Bridge-street,  e.c 

1901  fThodey,  Robert, 

Australian  Mutual  Provident 
Society,  Sydney,  Australia. 

1893  fThomas,  Ernest  Charles, 

Gresham  Life  Assurance  Society, 
St.  Mildred's-house,  Poultry,  e.c 

1899  fThomas,  Robert  Arthur  Caradoc, 

Pelican  and  British  Emj  ire  Life 
Office,  12  Dalhousie-sq., Calcutta. 


FELLOWS. 


Those  marked  t  are  Fellows  hy  Examination. 


Date  of 
becoming 
a  Fellow. 

1895 


fThomson,  Herbert  Archer,  B.A., 
Umberslade,   Boscobel-road,    St. 
Leonard' s-on- Sea. 

1880  Thomson,  Robert, 

Colonial  Mutual  Life  Assurance 
Soviet y,  Collins  -  street  •  west, 
Melbourne,  Australia. 

1893  fTliorne,  Alfred  Charles, 

Equity  fy  Law  Life  Assur.  Soc., 
18  Lincoln's-inn-Jields,  w.C 

1891     fTilt,  Robert  Ruthven, 

General  He  vers  ion  art/  3f  Invest- 
ment  Co.,  Ltd.,  26  Pall-mall,  S.W. 

1902     fTinner,  Thomas, 

Comptroller's  Depart.,  London 
County  Council,  Spring-gardens, 
S.W. 

1881  fTodd,  George,  M.A.  (Hon.  Sec), 

Economic  Life  Assurance  Society, 
6  New  Bridge-street,  E.c 

1894  fTodhunter,  Ralph,  M.A., 

University  Life  Assur.  Soc, 
25  Pall-mall,  s.w. 

1899     fTrouncer,  Harold  Moltke,  M.A., 
London   Life  Association,  Ltd., 
81  King  William-street,  E.C. 

1878       Turnbull,  Andrew  Hugh,  F.F.A., 
F.R.S.E., 

Scottish  Widoics'  Fund  and  Life 
Assur.  Soc,  9  St.  Andrew-square, 
Edinburgh. 

1889       Wallace,  Thomas,  F.F.A., 

North  British  §  Mercantile 
Insurance  Co.,  64,  Princes-street, 
Edinburgh. 

1888  fWarner,SamuelGeorge(HoN.SEC.), 
Law  Union  fy  Crown  Insur.  Co., 
126  Chancery-lane,  W.C. 

1893     f Watson,  Alfred  William, 

Manchester  Unity  Friendly  Soc, 
Nottingham. 

1895  fWatson,  James  Douglas, 

English  \  Sottish  Law  Life  Assr. 
Assoc,  12  Waterloo-place,  S.W. 

1904    f  Weatherill,  Henry, 

National  Debt  Office,  E.c. 


Date  of 
becoming 
a  Fellow. 

1880 


1864 


fWhittall,  Win.  Joseph  Hutchings, 
Mem.  Act.  Soc.  Amcr., 
Clerical,  Medical  fy  General  Life 
Assur.  Soc.,15  St.  James's-sq.,s,\v. 

Wilson,  Robert, 
44  Talfourd-rd.,  Camberwell,  S.E. 


1888     fWilson,  Robert,  Jr., 

General     Assurance     Company, 
103  Cannon-street,  E.c. 


Under 
the 

Charter. 


Winser,ThomasBoorinan,F.R.G.S., 
F.R.N.S., 
81     Shooter's-hill-road,    Black- 
heath,  S.E. 

1899     f  Winter,  Arthur  Thomas, 

Pelican  and  British  Empire  Life 
Office,  70  Lombard-street,  e.c. 

1897     fWintie,  Lancelot  Andre  wes, 

Economic  Life  Assurance   Soc, 
6  New  Bridge-street,  E.c. 

1901  fWood,  Arthur  Barton,  B.A.,  Mem. 

Act.  Soc.  Amer., 
Sun    Life     Assurance     Co.     of 
Canada,  Montreal,  Canada. 

1884    f Woods,   Ernest,   Mem.   Act.    Soc. 
Amer.  (Vice-Pees.), 
Westminster  and    General  Life 
Assurance  Association,  28  King- 
street,  Covent-garden,  W.C. 

1902  fWooliner,  Alfred  Henry, 

Star    Life    Assurance    Society, 
32  Moorgate-street,  e.c 

1902     fWorkman,  William  Arthur, 

Equitable   Life   Assur.   Society 
Mansion-house-street ,  e.c. 

1902     fWorthington,  William, 

Royal  Insurance  Co.,  Liverpool. 

1875     -fWvatt,  Frank  Bertrand,  Mem.Act. 
Soc.  Amer., 
Clergy  Mutual  Assurance  Soc, 
2  <£■  3  The  Sanctuary,  s.w. 

1874  Young,  Thomas  Emley,  B.A., 
F.R.A.S.  (Past-Pkesident, 
1896-8),  Mem.  Act.  Soc.  Amer., 

108   Evering-road,   Stoke   New- 

ington,  N. 


ASSOCIATES. 


Those  marked  2  or  3  have  passed  two  or  three 
Those  marked  (2)  have  been  exempted  under  the  Bye- 


Date  of 

becoming  an 

Associate. 

1900  2  Adams,  Cecil  Francis, 

New  Zealand  Accident  Insurance 
Company,  Palmerston  North, 
Sew  Zealand. 

1869     2  Adey,  Theodore  Henry, 

Scottish  Provident  Institution, 
17  King  William-street,  E.c. 

1899    3Adlard,  Stanley,  A.K.C., 

London  Life  Association,  Ltd., 
81  King  William-street,  E.c. 

1899     "  Ansell,  George  Frederic, 

National  Debt  Office,  E.C. 

1904     -  Ashley,  Charles  Henry, 

Refuge  Assurance  Company, 
Oxford-street,  Manchester. 

1883     -  Ashley,  John  Geo.,  M.A., 
War  Office,  s.w. 

1901  s  Ashton,  William  Richard, 

Sand-in- Hand  Insurance  Soc, 
26  Few  Bridge-street,  E.C. 

1901     "-  Atkins,  Leonard  George, 

Law  Union  ,y  Crown  Insurance 
Co.,  126  Chancery-lane,  "SV.c. 

1881     -  Ayling,  Charles  Stephen, 

Commercial  Union  Assur.  Co., 
20  New  Bridge-street,  E.c. 

1903  "  Ball,  Sidney  Robertson, 

English  and  Scottish  Laic  Life 
Assurance  Association,  12  Water- 
loo-place, S."SV. 

1904  2  Barrett,  William  Goodsman, 

United  Kingdom  Temperance 
and  General  Provident  Institu- 
tion, 1  Adelaide-place,  London- 
bridge,  E.C. 

1885       Barton,  Arthur, 

Royal  Insurance  Company, 
Maidstone. 

1894    3  Barton,  Robert  Whitchurch, 

Clerical,  Medical  ^  General  Life 
Assurance  Society,  15  St.  James' s- 
square,  s.w. 

1903     -  Baxter,  Edwin  Herbert, 

Scottish  Provident  Institution, 
17  King  William-street,  E.C. 

1901     -  Benjamin,  Stanley  O., 

Australian  Mutual  Provident 
Society,  Sydney,  Australia. 

1881       Birks,  Edmund  Alfred, 

Yorkshire  Insurance  Co.,  York. 


of  the  four  Examinations  of  the  Institute. 
laws  from  the  Examinations  in  Parts  I  and  II. 

Date  of 

becoming  an 

Associate. 

1898  M  Blount,  Edward  Thos.  J.,  F.F.A., 

F.S.S., 
Standard   Life    Assurance    Co., 
Shanghai,  China. 

1873     -  Boon,  Gerald  Inglis, 

United  Legal  Indemnity  Insur. 
Soc,  Limited,  222  Strand,  w.c. 

1889  '•-■'  Brenmer, Thomas  William,  F.F.A., 
Mutual  Life  Insurance  Co.  of 
New   York,  Sydney,  Australia. 

1896  M  Brown,  George  Andrew  (Auditor), 
Clerical,  Medical  Sf  General 
Life  Assurance  Society,  1  King 
William-street,  B.C. 

1899  -  Brown,  Harold, 

Scottish  Union  and  National 
Insurance  Co.,  3  King  William- 
street,  E.C. 

1886       Buckley,  Thomas  John  Wesley, 

9  St.  Andrew-street,  Solbom- 
circus,  e.c. 

1882       Burke,  David,  F.S.S., 

Royal  Victoria  Life  Insur.  Co., 
Montreal,  Canada. 

1900  -  Burnley,  Isaac, 

Australian  Mutual Prov. Society, 
Sydney,  Australia. 

1895  3  Butterfield,  William  Thos.,  A.C.A., 
9  Market-street,  Bradford, 
Yo  rksh  ire. 

1876       Cartel1,  Eric  Mackay, 

33  Waterloo-street,  Birmingham. 

1899  ;  Catchlove,Chas.  Hamilton  Leyland, 

Australian  Mutual  Provident 
Society,  Sydney,  Australia. 

1904    (2'  Cathles,     Lawrence       ilaelagan, 
F.F.A., 
Provident    Savings  Life  Assur. 
Soc,  3 16  Broadway,  New  York, 
U.S.A. 

1900  3  Chandler,  Thomas  Richard, 

London  Assurance  Corporation, 
7  Royal  Exchange,  E.C 

1898     -  Coates,  Thomas  Linnaeus, 

North  British  and  Mercantile 
Insurance  Co.,  61  Threadneedle- 
street,  e.c. 

1904     ■  Collier,  Charles  Aubrey, 

30  Crockerion-road, Tooting,  B.W. 


ASSOCIATES. 


Those  marked  2  or  3  have  passed  two  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (2)  have  been  exempted  under  the  Bye-laws  from  the  Examinations  in  Parts  I  and  II. 


Date  of 

becoming  an 

Associate. 

1871       Cook,  Arthur  James,  M.J.I., 

J'ictoria  Mutual  Assur.  Society, 

Farringdon-street ,  E.c. 

1899  3Cook,  William  Playfair, 

Guardian  Assurance  Company, 
11  Lombard-street,  E.c. 
1897    2  Coop,  Charles  Rowland, 

United  Kingdom  Temperance  and 
General  Provident  Institution, 
28  High-street,  Birmingham. 

1891     2  Coote,  Ernest  Charles, 

Alliance  Assurance  Co.,  Ltd., 
Bartholomew-lane,  E.C. 

1900  2  Corbett,  Edwin  Somerville, 

Australasian  Temperance  and 
General  Mutual  Life  Assurance 
Soc,  Adelaide,  South  Australia. 

1871       Coutts,  Edwin  Arthur, 

North  British  and  Mercantile 
Insurance  Company,  J'ictoria- 
street,  Nottingham. 

1900  2  Covington,  Oliver  Henry, 

Prudential  Assurance  Company t 
Solborn-bars,  E.C. 

1884       Craig,  Robert  Alexander, 

Abstainers'  and  General  Assur. 
Co.,  City  Buildings,  Birmingham. 

1901  3  Culley,  Alfred  Benjamin, 

Star  Life  Assurance  Society,  32 
Moorgate-street,  E.c. 

1900  a  Curtis,  William  Allen, 

Clerical,  Medical  Sf  General 
Life  Assurance  Society,  15  St. 
James' s-square,  S.W. 

1904     2  Daman,  Gerard  William,  B.A., 

Hand-in- Sand  Insurance  Soc, 
26  New-bridge-street,  E.c. 

1902  -  Denmead,  John  Charles,  M.A., 

Estate  Duty  Office,  Somerset- 
house,  w.c. 

1901  2  Diamond,  George  Frederick, 

City  Mutual  Life  Assurance 
Society,  Sunter -street,  Sydney, 
Australia. 

1855       Dix,  James, 

Surstdale,Wood-la.,Sighgate,'S. 

1901  <2)  Donald,  Alexander  Graham,  M.A., 
F.F.A., 
Scottish   Provident    Institution, 
6  St.  Andrew-square,  Edinburgh. 


Date  of 

becoming  an 

Associate. 

1881       Donaldson,  Jobn, 

Australian    Widows'  Fund  Life 

Assurance  Society,  Collins-street- 

west,  Melbourne,  Australia. 

1899     2Dougharty,        Harold,        F.S.S., 
F.C.I. S., 
London    and    Lancashire    Life 
Assurance    Company,   66    Sf   67 
Cornhill,  E.C. 

1902  2  Doust-Smith,  Ernest  Charles, 

Prudential  Assurance  Company, 
Solborn-bars,  E.C. 

1881       Dovey,   William    Roadly,   F.F.A., 

Mem.  Act.  Soc.  Amer., 
26  Drylands-road,  Crouch  End, 
N. 
1870       Dowson,  John, 

Royal  Insur.  Company,  Liverpool. 

1898     -  Doyle,  Arthur  James, 

54  Bourke-st.,  Sydney,  Australia. 

1901  -  Earle,  Arthur  Percival, 

Reliance  Life  Insurance  Co., 
Farmers'  Bank-buildings,  Pitts- 
burgh, Pa.,  U.S.A. 

1868       Eaton,  Henry  William, 

Liverpool  Sf  London  Sf  Globe 
Insurance  Company,  William- 
street,  New  York,  U.S.A. 

1904    2  Ebihara,  Kaitaro, 

41  St.  Stephen's  -  avenue, 
Shepherd's  Bush,  W. 

1904     2  Ecroyd,  Cuthbert  W., 

Friends'  Provident  Institution, 
Bradford,  Yorkshire. 

1872     2  Evans,  William,  F.F.A.,  F.R.S.E., 

38  Morn  ingside-park,  Ed  in  b  it  rgh. 

1896  "  Featherstonehaugh,  William  Irwin, 

Commercial  Union  Assurance 
Co.,  24,  25  cf  26  Cornhill,  E.C. 

1903  2  Ferguson,  Colin  C,  B.A., 

Canada  Life  Assurance  Co., 
Toronto,  Canada. 

1897  2  Findlay , Alexander Wynaud,LL.D., 

Prudential  Assurance  Company, 
Solborn-bars,  E.c. 

1902  2  FitzGerald,  Charles  R., 

Some      Life     Association 
Canada,  Toronto,   Canada. 


of 


ASSOCIATES. 


Those  marked  2  or  3  have  passed  two  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (2)  have  been  exempted,  under  (he  Bye-laws  from  the  Examinations  in  Parts  I  and  II. 


Date  of 
becoming  an 
Associate. 

1901     2  FitzGerald,  William  George,  B.A., 

82  Dupont  -  street,  Toronto, 
Canada. 

1890  <2'  Fox,  Charles  Edward,  F.F.A., 

Standard   Life  Assurance    Co., 

83  King  William-street,  E.C. 

1886  Fox,  Morris,  Mem.  Act.  Soc.  Auier., 
New  Zealand  Government  Life 
Insurance     Dept.,      Wellington, 

New  Zealand. 

1891  2  Fraser,  Thomas  John, 

Australian  Alliance  Assurance 
Company,  Melbourne,  Australia. 

1901  <-->Gaff,    William    Robertson,    C.A., 
F.F.A., 
3  Crown-court,  Old Broad-st. ,E.c. 

1873     -  Gage,  Uriah  Woodard, 

North  British  and  Mercantile 
Insurance  Company,  61  Thread- 
needle-street,  E.C. 

1895     2  Galwey,  Charles  Edmund, 

New  Zealand  Government  Life 
Insurance  Dept.,  Wellington, 
New  Zealand. 

1893     2  Gardiner,  Rohert  Edward, 

Sun  Life  Assurance  Society,  63 
Threadneedle-street ,  E.C. 

1885     -  Gay  ford,  Herbert  Stannard, 

Northern  Assurance  Co.,  1  Moor- 
gate-street,  E.C. 

1903     3Gemmill,  William, 

7  Boy al -terrace,  Queen' s-par 7c, 
Glasgoiv. 

1899     3  Gibh,  James  Burnett,  F.F.A., 

Penn  Mutual  Life  Insce.  Co.  of 
Philadelphia,  923  Chestnut-st., 
Philadelphia,  U.S.A. 

1871     2  Glennie,  William  Gordon, 

Scottish  Union  Sf  National  Insur. 
Co.,  3  King  William-street ,  E.C. 

1897     2  Goggs,  Frank  Sidney, 

Scottish  Metropolitan  Life  Assur. 
Co.,  Ltd.,  25  St.  Andrew-sq., 
Edinburgh. 

1882       Goldman,  Leopold, 

North  American  Life  Assurance 
Co.,  North  American  Life 
Building,  112-118  King-street- 
west,  Toronto,  Canada. 


Date  of 

becoming  an 

Associate. 

1904     2  Goodman,  Gilbert, 

Prudential  Assurance  Company, 

Holborn-bars,  E.c 

1897  2  Goodwyn,  John,  Jr., 

Nonvich  Sf  London  Accident 
Insurance  Association,  Sydney, 
Australia. 

1902  2  Gray,  Rohert  Alexander,  R.A., 

324  Markham-streef,  Toronto, 
Canada. 

1898  3  Green,  George,  M.A., 

Union  Assurance  Society,  81 
Comhill,  E.c. 

1868  Greig,  John  Andrew, 

Si',1  Life  Assurance  Society,  60 
Charing-cross,  S.W. 

1869  Griffith,  E.  Clifton, 

4  Carlton-chambers,  S.W. 

1903  -  Hall,  John  Bertram, 

Imperial  Life  Assurance  Co.  of 
Canada,  Toronto,  Canada. 

1893  2  Hall,  John  Francis  Edmund, 

Eagle  Insurance  Company,  79 
Pall-mall,  S.W. 
1869  Hann,  Rohert  George,  Mem.  Act. 
Soc.  Ainer., 
Equitable  Life  Assur.  Soc.  of 
the  United  States,  120  Broadway, 
Neio  York. 

1894  2  Hardcastle,    Edward    Edgington, 

M.A., 
Union  Central  Life   Office,  Cin- 
cinnati, Ohio,  U.S.A. 
1900     2  Harding,  Harry  Burnard, 

Han d- in- Hand  Insurance  Soc, 
26  New  Bridge-street,  E.c. 

1896  3  Harris,  Frederick  Joseph, 

Australian  Mutual  Provident 
Society,  Sydney,  Australia. 

1904  2  Harriss,  Walter  James, 

Union  Assurance  Society,  81 
Comhill,  e.c. 

1897  2  Haycraft,  William  Melhuish, 

Prudential  Assurance  Company, 
Holborn-bars,  e.c. 

1897     2  Hazell,  James  Stanley, 

National  Provident  Institution, 
48  Gracechurch-street,  e.c. 

1895  2  Heness,  Leonard  Thomas, 

Prudential  Assurance  Company, 
Holborn-bars,  e.c. 


ASSOCIATES. 


Those  marked  2  or  3  have  passed  two  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  ('2)  have  been  exempted  under  the  Bye-laws  from  the  Examinations  in  Parte  I  and  II. 


Date  of 

becoming  an 

Associate. 

1878      Henry,  Alfred,  F.C.A., 

Throgmorton -house,        Copthall- 

avenue,  E.C. 
1900     3  Hicks,  Arthur  Joseph, 

Law    Life    Assurance    Society, 

187  Fleet-street,  E.c. 
188-4       Higham,  William  Samuel, 

Equitable  Life  Assurance  Soc, 

Mansion-house-street,  e.c. 
1894     -  Hollingworth,  Albert  Charles, 

Australian     Mutual     Provident 

Society,  Sydney,  Australia. 
1883       Holt,  Edward  Hallett, 

Law    Life    Assurance    Society, 

187  Fleet-street,  e.c. 

1898  -  Howell,  Chas.  Edward,  B. A., LL.D., 

Standard  Life  Assurance  Compy., 
59  Dawson-street,  Dublin. 

1899  -  Hudson,  Alfred  James, 

Northern    Assurance     Company, 
1  Moorg ate- street,  E.c. 

1903  -Humphreys,  Henry  Thompson, 

Sun     Life     Assurance    Society, 
63  Threadneedle-street ,  e.c. 

1875  Hunt,  Richard  Aldington,  F.S.S., 

Wesleyan  ti[  General  Assur.  Soc, 
Corporation-street,  Birmingham. 

1S93  W Hunter,     Arthur,    F.F.A.,    Mem. 
Act.  Soc.  Anier.,  F.S.S. 
New   York  Life  Insurance  Co., 
346  &  348  Broadway,  New  York, 
U.S.A. 

1902     2  Hunter,  Robertson  G.,  Mem.  Act. 
Soc.  Ainer., 
New   York  Life  Insurance   Co., 
New       York     Life      Building, 
Chicago,  III.,  U.S.A. 

1887     "  Hunter,  Samuel, 

Patriotic    Assurance    Company, 
9  College-green,  Dublin. 

1904  W  Imrie,    John     Hamilton,     M.A., 

F.F.A., 
Life   Association    of    Scotland, 
82  Princes-street,  Edinburgh. 
1889  <2)  Jacobs,  Frederick  Job, 

Australian      Mutual     Provident 
Society,  Sydney,  Australia. 

1876  -  James,  George  Trevelyan, 

12  Waterloo-place,  s."W. 
1871       Jellicoe,    George    Rogers, 

Eagle   Insurance    Company,    79 
Pall-mall,  s.w. 


Date  of 

becoming  an 

Associate. 

1883       Jerman,  Richard, 

Commercial      Union     Assurance 

Company,  Exeter. 

1896  -  Johson,  Alexander, 

Equitable  Life  Assurance  Society 

of  the    United    States,    Sydney, 

Australia. 
189-4     *  Johanuessen,  Nikolai  Mikal, 

Jfygea  Life  Assurance  Company, 

Bergen,  Norway. 
1894     -  Johnston,  Frederick  H., 

Prudential   Life    Insurance    Co. 

of  America,  Newark,  N.J.,  U.S.A. 

1903  3  Jones,  Leonard  Alexander  Mouat, 
Hand-in-Sand  Insur.  Society, 
26  New-bridge-street,  e.c. 

1903     -Jones,  Wallace  Mouat, 

General  Meversionary  cf  Invest- 
ment Company,  Limited,  26  Pall- 
mall,  s.w. 

1S98     -  Kaufman,  Henry  N.,  Assoc.  Act. 
Soc.  Amer., 
Phcenix  Mutual   Life  Insurance 
Co.,       Hartford,       Connecticut, 
U.S.A. 

1876       Kearry,  Joseph, 

44  Charlwood-sfreef,  Belgrave- 
road,  s.w. 

1899     -  Kelly,  John  Joseph, 

Citizens'  Life  Assurance  Co., 
Sydney,  Australia. 

1897  -  Kemp,  Julian  Ernest  Sandford, 

Eagle  Insurance  Company,  79 
Pall-mall,  S.W. 

1902     -  Kilgour,  David  Errett,  M.A., 

North  American  Life  Assurance 
Co.,  North  American  Life 
Building,  112-118  King-street- 
■west,  Toronto,  Canada. 

1874       King,  Arthur  Thomas,  I.S.O., 
National  Debt  Office,  E.c 

1882     -  King,  William  Alfred, 

Northern  Assurance  Company, 
1  Moorgate-street,  E.c. 

1902  -  Kitchin.  Frederick  Harcourt,  B.A., 
Covehythe,  Kingston-lane,  Ted- 
dington. 

1893     -  Laing,  William  Claud, 

North  British  and  Mercantile 
Insurance  Company,  61  Thread- 
needle-street, E.C. 


ASSOCIATES. 


Those  marked  2  or  3  have  passed  two  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (2)  have  been  exempted  under  the  Bye-laws  from  the  Examinations  in  Parts  I  and  II. 


Date  of 

becoming  an 

Associate. 

1897     -  Lane,  Arthur  Vere,  B.A., 

City  of  Glasgow  Life  Assurance 
Co.,  1  Princess-street,  Albert- 
square,  Manchester. 

1899  2  Lawton,  George  Herbert, 

Clerical,  Medical  Sf  General  Life 
Assurance  Society, lo  St.  James's- 
square,  s.w. 

1885  Ledward,  Archibald  Prentice.B.Sc, 
29  Langland -gardens,  N.W. 

1879       Leiteh,  Alexander, 

Scottish  Provident  Institution, 
17  King  William-street,  E.C. 

1897     2  Le  Maitre,  Frank  William, 

Sun  Life  Assurance  Society,  63 
Th  read  needle-street ,  e.c 

1885  Leveaux,  Arthur  Michael,  F.S.S., 
Registry  of  Friendly  Societies, 
Central  Office,  28  Abingdon- 
street,  Westminster,  s.w. 

1885     -  Lidbury,  Isaac  Stephen, 

Prudential  Assurance  Company, 
Holbom-bars,  e.c. 

1868       Litchfield,  Edward, 

92  St.  Vincent-street,  Glasgow. 

1876     -  Lucey,  Herbert, 

General  Assurance  Company, 
103  Cannon-street,  E.c. 

1890  C-'Lugton,  Hugh,  F.F.A., 

North  British  and  Mercantile 
Insurance  Co.,  61  Threadneedle- 
street,  E.c. 

1900  3  McArthur,  Harry  de  C, 

Economic  Life  Assur.  Society, 
6  New  Bridge-street,  E.c. 

1867       Macdonald,  William  Rae,  F.F.A., 
Scottish  Metropolitan  Life  Assur. 
Co.,  Limited,   25    St.    Andrew- 
square,  Edinburgh. 

1882     3  McDougald,  Alfred, 

Pelican  and  British  Empire  Life 
Office,  Montreal,  Canada. 

1884       Mackay,  Alexander, 

Law  Union  fy  Crown  Insur.  Co., 
126  Chancery-lane,  w.C. 

1901  -  Mackenzie,  Michael  Alexander, 

\Bellwoods-pJc.,  Toronto,  Canada. 


Date  of 

becoming  an 

Associate. 

1896     -  Macmillan,  John  Campbell, 

Northern  Assur.    Co.   and  Law 

Union  and  Crown  Insurance  Co., 

Apartado  Postal  No.  872,  Mexico. 

1867       Macpherson,  Ronald, 

Law  Union  8f  Crown  Insurance 
Co.,  126  Chancery-lane,  W.C. 

1883     -  Makeham,  William  Reed, 

Alliance  Assurance  Co.,  Ltd. 
(Imperial  Life  Assurance  Fund), 
47  Chancery-lane,  tv.c. 

1883       Mainiering,  George  Willsher, 

London  and  Lancashire  Life 
Assur.  Co.,  66  &  67  Comhill,  e.c 

1880       Manwaring,  Henry, 

National  Debt  Office,  E.c. 

1896  -  Martin,  Sidney  George, 

National  Mutual  Life  Assoc,  of 
Australasia,  Ltd.,  295  Queen- 
street,  Brisbane,  Australia. 

1897  2  Mascall,  Alfred  John, 

Standard  Life  Assurance  Co., 
3  Pall-mall  East,  s.w. 

1904     2  Maudling,  Reginald  G., 

London  and  Lancashire  Life 
Assur.  Co.,  66  &  67  Comhill,  e.c 

1900     2  Maunder,  George  Harvard, 

Standard  Life  Assurance  Co., 
83  King  William-street,  E.c. 

1902  «  Maxwell,  Benjamin  Bell,  F.F.A., 

Scottish  Equitable  Life  Assur. 
Society,  28  St.  Andrew-square, 
Edinburgh. 

1903  3  May,  Walter  Thomas, 

Scottish  Am  icable  Life  Assurance 
Society,  1  Threadneedle-st.,  E.c. 

1899     2  Meade,  Gerald  Willoughby, 

North  British  Sf  Mercantile 
Insurance  Company,  61  Thread- 
needle-street,  E.C. 

1896     2  Merfield,  Percy  Henry, 

Law  Life  Assurance  Society, 
187  Fleet-street,  e.c 

1874       Miller,  John  W.,  F.S.S., 

Scottish  Widows'  Fund  and  Life 
Assur.  Soc,  28  Comhill,  e.c. 

1902     3  Milligan,  Charles  Livingstone, 

Provident  Life  Office,  50  Regent- 
street,  W. 


ASSOCIATES. 

Those  marked  2  or  3  have  passed  tu'o  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (2)  have  been  exempted  under  the  Bye-laws  from,  the  Examinations  in  Parts  I  and  II. 


Date  of 

becoming  an 

Associate. 

1879       Monilaws,  William  Macgeorge, 
(Auditor), 
Scottish    Provident    Institution, 
17  King  William -street,  e.c. 

1877       Moon,  James, 

Prudential  Assurance  Company, 
30  Dale-street,  Liverpool. 

1877       Moon,  John, 

Prudential  Assurance  Company, 
76  King-street,  Manchester. 

1879       Moon,  Sidney  Norman  Laming, 

74,  76  jj*  78  William-street, 
New  York,  U.S.A. 

1903     -  Moore,  George  Cecil, 

Imperial  Life  Assurance  Co.  of 
Canada,  Toronto,  Canada. 

1898     -  Moore,  J  oseph  Patrick, 

Citizens'  Life   Assurance    Co., 
Sydney,  Australia. 

1871     -  Moore,  Roderick  Mackenzie, 

United  Kingdom  Temperance  and 
General  Provident  Institution, 
1  Adelaide-place,  London-bridge, 

E.C. 

1893     :  Monro,  Donald  Alexander, 

Brook-house,  10  Walbrook,  e.c. 

1900     -  Nash,  Alfred  Charles, 

Clerical,  Medical  and  General 
Life  Assurance  Society,  15  St. 
James' s-square,  8.W. 

1903     -  Xeill,  Samuel  Bennett, 

London,  Edinburgh  Sf  Glasgow 
Assurance  Co.,  Ltd.,  Insurance- 
buildings,  Farringdon-st.,  E.C. 

1897     "  Xewling,  Sidney  Wallis,  B.A., 

Woodleigh,  South  Woodford, 
Essex. 

1903     -  Xicholls,  Arthur  William, 

Australian  Mutual  Provident 
Society,  Brisbane,  Australia. 

1884       Nicoll,  John,  F.F.A., 

Life  Association  of  Scotland, 
82  Princes-street,  Edinburgh. 

1900     3  Oakley,  Henry  John  Percy, 

North  British  and  Mercantile 
Insurance  Company,  61  Thread- 
needle-street,  E.C. 

1883       Orr,  Lewis  P.,  F.F.A., 

Scottish  Life  Assur.  Co.,  Ltd., 
19  St.  Andrew-sq.,  Edinburgh. 


Date  of 
becoming  an 
Associate. 

1886       Owen,  Evan  Frederick,  F.S.S., 

Actuary  for  Friendly  Societies, 
Melbourne,  Australia. 

1895     -  Pagden,  Lionel  King, 

Union  Assurance  Society,  81 
Comhill,  e.c. 

1864       Panton,  Edward  Henry, 

50  Wood -vale,  Forest  Mill,  s.B. 

1901     3  Papps,  Percy  Charles  Herbert, 

Manufacturers'  Life  Insurance 
Co.,  Toronto,  Canada. 

1895     2Paradice,  William  Henry, 

Australian  Mutual  Provident 
Society,  Sydney,  Australia. 

1S69  Park,  David  Francis,  C.A.,  F.F. A., 
Credit  Fonder  of  Mauritius 
(Limited J,  39  Lombard-st.,  E.c. 

1884       Park,  Leslie  John, 

Colonial  Mutual  Life  Assurance 
Society,  Melbourne,  Australia. 

18S2     -  Paterson,  William  Brockie,  F.F.A., 
Mem.  Act.  Soc.  Amer., 
Norwich    Union  Life  Insurance 
Society,  Norwich. 

1598  C-'Pearce,  Henry  John,  F.F.A., 

Scottish  A  m  icable  L  ife  Assurance 
Soc.,Sf.  Vincent' s-place,  Glasgow. 

1899  -  Peele,  Thomas, 

Universal  Insurance  Company, 
77  Neva  Briggate,  Leeds. 

1901  3  Penman,  William,  Jr., 

Northern  Assurance  Company, 
1  Moorgate-street,  E.C. 

1900  -  Peters,  Charles  Furness, 

L'pool.  Victoria  Legal  Friendly 
Society,  18  St.  Andrew-street,  E.c. 

1895  (2'  Pierson,  Israel  Coriell,  Mem.  Act. 
Soc.  Amer., 
141  Broadway, New  York,  U.S.A. 

1902  -  Pigrome,  George  Davey, 

Prudential  Assurance  Company, 
Nolborn-bars,  E.C. 

1599  -  Pipe,  Sidney  Herbert, 

Toronto  Life  Insurance  Co.,  Cor., 
Boucesvalles  and  Fermanagh- 
streets,  Toronto,  Canada. 

1883       Pitts,  Thomas, 

Commercial  Union  Assurance 
Company,  Exeter. 


ASSOCIATES. 


Those  marked  2  or  3  have  passed  two  or  three  of  the  four  Examinations  of  the  Institute. 
Tliose  marked  (2)  have  been  exempted  under  the  Bye-laws  from  the  Examinations  in  Parts  I  and  II. 


Date  of 
becoming  an 
Associate. 

1876       Pound,  Thomas  James, 

Clerical,  Medical  $  General  Life 

Assurance  Soe.,  15  <SY.  James's- 

square,  s.w. 

1890    2  Powell,  Alfred, 

Alliance    Assurance     Company, 
Limited,  Bartholomew-lane,  E.C. 

1881       Price,  William  John, 

Life    Association    of    Scotland, 
5  Lombard-street,  E.c. 

1869       Pringle,  James,  C.A.,  F.F.A., 

42    Drumsheugh-gardens,    Edin- 
burgh. 

1884  Pullar,  James,  F.F.A., 

Colonial  Jfufual  Life  Assurance 
Society,  Melbourne,  Australia. 

1881       Purves,  Thomas  Peter, 

New  York  Life  Insurance  Com- 
pany, Sydney,  Australia. 

1904  (2)  Rankin,  John  Adam,  F.F.A., 
Edinburgh  Life  Assurance  Co., 
22  George-street,  Edinburgh. 

1867       Rattray,  Patrick,  C.A., 

115  St.  Vincent-street,  Glasgow. 

1874     2Ray,  Charles  Richard, 

Hand-in-Sand   Insurance    Soc, 
26  New  Bridge-street,  E.C. 

1885  Rea,    Charles    Herhert    Edmund, 

F.R.A.S.,  F.S.S., 
24  Charing  Cross,  s.w. 

1898     2  Eeid,  Edward  E.,  B.A., 

London     Life     Insurance      Co., 
London,  Ontario,  Canada. 

1901     -  Rhodes,  Francis,  B.A., 

Boyal  Insurance  Co.,  Liverpool. 

1887       Richardson,  Josephus  Hargreaves, 
F.F.A.,  Mem.  Act.  Soc.  Amer., 
New  Zealand   Government  Life 
Insurance      Department,      Wel- 
lington, New  Zealand. 

1879       Roberts,  Thomas  B., 

Australian  Alliance   Assurance 

i  Company,    Collins-street,     Mel- 

bourne, Australia. 


1904    (2)  Robertson, 
F.F.A., 

Standard   Life   Assurance 
3  George-street,  Edinburgh 


Frederick     William, 
Co., 


Date  of 

becoming  an 

Associate. 

1904   '-'Robertson,  James  Leask,  F.F.A., 

Edinburgh    Life  Assurance  Co., 

22  George-street,  Edinburgh. 

1878       Robertson,  William,  F.F.A., 

29  Stafford-street,  Edinburgh. 

1876       Robinson,  Andrew, 

8  u  nningdale-park ,  Sunningdale, 

Berks. 
1902     3  Robinson,  Hugh  Thomas  Kay, 

Clergy  Mutual  Assur.  Soc,  2  Sr  3 

The  Sanctuary,  s.w. 

1885       Ronald,  Thomas  Robert, 

Law  Guarantee  and  Trust  Soc, 
Ltd.,  49  Chancery-lane,  W.C 

1904     2Rudd,  Alfred  James, 

Australian  Widows'  Fund  Life 
Assurance  Society,  Grenf ell- 
street, Adelaide,  South  Australia. 

1897     -  Ryley,  Edmund, 

Prudential  Assurance  Company, 
BZolborn-bars,  E.c. 

1896     -  Sanderson,    Frank,  M.A.,   F.F.A., 
Mem.  Act.  Soc.  Amer.,  F.S.S., 
Canada  Life  Assurance  Company, 
Toronto,  Canada. 

1904     -  Sare,  Thomas  Henry, 

Commercial  Union  Assur.  Co., 
24,  25  &  26  Comhill,  E.c. 

1884       Schooling,  John  Holt, 

Fotheringay-house,  Montpelier- 
row,  Twickenham. 

1S99     -  Schouten,  Pieter, 

Yerzekering  Maatschappij , 

"  Amhem,"  Stations-plein  17 
Arnhem,  Solland. 

1873       Scott,  Ernest  Willem,  Mem.  Act- 
Soc.  Amer., 
Algemeene     Maatschapipij      van 
Levensverzekering  en  Lijfrente, 
Eamrak,  74,  Amsterdam. 

1904     -  Searle,  Arthur  Joseph, 

English  S[  Scottish  Law  Life 
Assurance  Association,  Limited, 
12  Waterloo-place,  s.w. 

1861     -  Searle,  Thomas  John, 

Mansion  -  house  -  chambers, 
Bucklersbury,  E.c. 

1900     -  Searls,  Edwin  Richard, 

Northern  Assurance  Company, 
1  Moor  gate-street,  e.c 


ASSOCIATES. 


Those  marked  2  or  3  have  passed  two  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (2)  have  heen  exempted  under  the  Eye-laws   rom  the  Examinations  in  Tarts  I  and  II. 


Date  of 
becoming  an 

Associate. 

1900    -  Sharpe,  Edgar  Cecil  Englcdue, 

London  Life  Association,  Ltd., 
81  King  William-street,  e.c. 

1891    "Sheppard,  Herbert  Norman,  15. A., 
Mem.  Act.  Soc.  Anier., 
Home  Life  Insurance  Company, 
256  B  road  tea  y,  New  York,  U.S.A. 

1899     3Sherriff,  Francis  Henry. 

Provident  Clerks'  and  General 
Mutual  Life  Assurance  Assoc, 
27  Sr  29  Moorgate-street,  E.c. 

1897  -Shimmell,  James  Edward, 

8  Osborne-road,  Handsworth, 
Birmingham. 

1896     -  Sblager,  Joseph, 

Equitable  Life  Assurance  Society 
of  the  United  States,  Mansion- 
house-chambers,  Adderley-street, 
Cape  Town,  South  Africa. 

1903  -Shovelton,  Sydney  Taverner,  B.A., 

Merton  College,  Oxford. 

1864       Smith,   Howard   Samuel,   F.F.A., 
F.C.A.,  F.S.S., 
Bank-chambers,    11     Waterloo- 
street,  Birmingham. 

1898  -  Smith,  Robert  Parker, 

Boyal  Insurance  Company, 
Liverpool. 

1884       Smitbett,  Edward  Henry, 

"Hillside,"  Fitzroy-park,  High- 
gate,  y. 

1871       Spencer,  Robert  James,  F.S.S., 
75  King's-road,  Southsea. 

1868       Spens,  William  George, 

Scottish  Amicable  Life  Assur. 
Soc,  3d  St.  Vincent-pl.,  Glasgow. 

1902     -Spurgeon,  Ernest  Frank. 

Prudential  Assurance  Company, 
Holborn-bars,  e.c. 

1904  -  Stamp,  Horatio  E., 

"  Appuldurcombe,"  Park  Lane, 
Wallington,  Surrey. 

1860       Stark,  James, 

Beversionary  Interest  Society, 
30  Coleman-street,  e.c. 

1866 


1878 


Stark,  William  Emery, 
Chapel-walks,  Manchester. 

Stevenson,  Charles, 
9  Albert-square,  Manchester. 


I'.iteof 

becoming  an 

Associate. 

1880       Stock,  Edward  James, 

National  Mutual  Life  Assoc  of 
Australasia,  Melbourne,  Aus- 
tralia. 

1896     -  Stuckey,  Jos.  James  M.A., 

Salisbury  Chambers,  49a  King 
William-street,  Adelaide,  South 
Australia. 

1904     -  Sugars,  Robert  Morrison,  B.A., 

Gresham  Life  Assurance  Society, 
St.     Mild  red' s-house,     Poultry, 

E.C. 

1899     3  Symmons,  Frank  Percy, 

Prudential  Assurance  Company, 
Holborn-bars,  E.C. 

1882  Tarn,  Walter  George, 

Beversionary  Interest  Society, 
30  Coleman-street,  E.C. 

1904   <2,Tatlock,   John,    M.A.,    F.R.A.S., 
Mem.  Act.  Soc,  Amer., 
Mutual   Life   Insurance    Co.  of 
New  York,  32  Nassau-street,  New 
York,  U.S.A. 

1893     ■  Taylor,  Arthur, 

Westminster  and  General  Life 
Assurance  Assoc.,28  King-street, 
Covent-garden,  w.c 

1875       Taylor,  J.  Wilford, 

North  British  and  Mercantile 
Insur.  Co.  filThread neediest.,  E.C. 

1898     3  Thompson,  Thomas  Percy,  B.A., 
Pelican  and  British  Empire  Life 
Office,  70  Lombard-street,  e.c. 

1904    «  Tbomson,  John  Walter,  F.F.A., 

Scottish  Life  Assurance  Co., 
19  St.  Andrew-square,  Edin- 
burgh. 

1883  -  Titmuss,  Walter  George, 

Provident  Life  Office,  z>0 Regent- 
street,  w. 

1902     2Traversi,  Antonio  Thomas, 

New  Zealand  Government  Life 
Insurance  Department,  Welling- 
ton, New  Zealand. 

1883       Tregaskis,  George  Alfred, 

Hand -in- Hand  Insurance  Soc,  \ 
26  New  Bridge-street,  e.c. 

1S94     -Trenerry,  Charles  Farley,  B.A., 
University    of    London,    South 
Kensington,  S.W. 


ASSOCIATES. 


Those  marked  2  or  3  have  jxissed  tiro  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (2)  have  been  exempted  under  the  Bye-laws  from  the  Examinations  in  Parts  I  and  II. 


Date  of 
becoming  an 
Associate. 

1869     -  Trew,  Edward  Bellingham, 

Law    Life    Assurance    Society, 

1«7  Fleet-street,  E.C. 

1891     2Turnbull,    A.    D.    Lindsay,   C.A., 
F.F.A., 
Scottish  Widows  Fund  and  Life 
Assurance  Society,  9  St.  Andrew- 
square,  Edinburgh. 

1884       Vian,  William  Collett, 

Railway  Passengers'  Assurance 
Company,  64  Cornhill,  e.c. 

1884  Vincent,  Frederick  James,  F.S.S., 
London,  Edinburgh  4*  Glasgow 
Assurance  Co.,  Ltd.,  Insurance- 
buildings,  Farringdon-street,  E.C. 

1899  2Vokins,  George  Alfred, 

Prudential  Assurance   Company, 
Holborn-bars,  E.C. 

1883     -  Walker,  Davidson,  F.F.A., 

Norwich    Union   Life  Insurance 
Society,  Norwich. 

1879       Wall,  Walter  George, 

3  Shrewsbury-road,  Birkenhead. 

1878       Walton,  William  Gandy,  F.F.A., 
Scottish    Provident    Institution. 
6  St.  Andrew-square,  Edinburgh. 

1902     3  Wandless,  John  Robert, 

North  umbria,  Hockley,  Essex. 

1902  3  Wares,  Harold  Wallace, 

Yorkshire   Insurance    Company, 
York. 

1862       Waterbouse,  Edwin,  M.A.,  F.C.A., 
F.S.S., 
3  Frederick' 's-place,  Old   Jewry, 

E.C. 

1903  -  Watherston,  Charles  F.,  B.A., 

War  Office,  s.w. 

1883     -  Watson,  John  Robertson, 

British  Law  Fire  Insurance  Co., 
176  West  George-st.,  Glasgow. 

1894     -  Watt,  George, 

Royal  Insurance  Co.,  Liverpool. 

1900  <2>  Watt,  James,  F.F.A., 

18  Moray-place,  Edinburgh. 

1883       Weall,  Bertram, 

16    Waldegrave-park,    Twicken- 
ham. 

1902     -  Weatherill,  Charles, 
Scottish  Office,  s.w. 


Date  of 
becoming  an 

Associate. 

1894  <2>  Weeks,  Rufus   Wells,  Mem.  Act. 
Soc.  Amer., 
New    York  Life  Insurance   Co., 
346  4-  348  Broadway,  New  York, 
U.S.A. 

1898     3  Whigham,    Charles    Frederick, 
F.F.A.,  C.A., 
Messrs.  Moncrieff  4"  Norsburgh, 
46  Castle-street,  Edinburgh. 

1884       Whyte,  Alexander, 

c  o   Messrs.  Lever   Bros.,   Ltd., 
Port  Sunlight,  Cheshire. 

1897     -  Wickens,  Charles  H., 

Government  Statistician's  Office, 
Perth,  W.  Australia. 

1896     -  Wilkinson,  Edward  Berkeley, 

2  1  Maxilla-gardens,  A'.  Kensing- 
ton, W. 

1903  -Wilkinson,  William  ATagnay,  Jr., 

Citizens'    Life    Assurance    Co., 
Sydney,  Australia. 

1904  -  Williams, Frederick  Alfred,  F.S.S., 

Hu  rstp  ierpoin  t,         Ho  r  n  ch  u  rch  > 
Essex. 
1904     "-  Wilson,  Arthur  Benjamin, 

Australian     Mutual     Provident 
Soc,  Wellington,  New  Zealand. 

1900  -  Wilson,  George, 

Standard  Life  Assurance  Com- 
pany, 3  George-st.,  Edinburgh. 
1870     -  Wilson,  Henry  Edward, 

Northern  Assurance  Co.,  1  Moor- 
gate-street,  E.C. 

1901  3  Wilson,  John  Sydney, 

Australian    Widows'  Fund  Life 
Assce.  Soc,  Melbourne , Australia , 
1873     -  Windett,  Charles, 

Legal  4"  General  Life  Assurance 
Society,  10  Fleet-street,  E.c. 

1903     -  Wood,  William  Archibald  Porter 
B.A., 

Canada    Life    Assurance     Co., 

Toronto,  Canada. 
1883       Woodhouse,  Lister,  A.C.A.,  F.S.S., 

City       Comptroller,      City-hall, 

Westminster,  s.w. 
1877     -  Woods,  Arthur  Biddle, 

Rock  Life  Assurance  Company, 

15  New  Bridge-street,  E.C. 
1866       Woods,  Bernard  (Auditor), 

Metropolitan      Life     Assurance 

Society,  13  Moorgate-street,  e.c 

b2 


ASSOCIATES. 


Those  marked  2  or  3  have  passed  two  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (2)  have  been  exempted  under  the  Bye-laws  from  the  Examinations  in  Parts  I  and  II. 


Date  of 
becoming  an 

Associate. 

1875       Woods,  Edward, 

I'ictoria  Life  and  General  Insur- 
ance Co.,  Market-st.,  Collins-st.- 
west,  Melbourne,  Australia. 

1879       Wonmm,  Thornton  Seidell, 

Mock  Life  Assurance  Company, 
15  New  Bridge-street,  E.c. 

1903     -  Worth,  Bertram  Oliver, 

Clerical,  Medical  8f  General 
Life  Assurance  Society,  15  St. 
James's-square,  s.w. 


Pate  of 

becoming  an 

Associate. 

1871       Yardley,  John, 

Prudential  Assurance  Company, 

Holbom-bars,  E.c. 

1873       Young,  Alexander  Hunter, 

60     Market -street,     Melbourne, 
Australia. 


1900     3  Young,  Arthur  Stanley, 

Metropolitan     Life     Assurance 
Society,  13  Moorgale-slreet,  e.c. 


STUDENTS. 

Those  marked  1,  2,  or  3  have  ixissed  one,  two,  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (1)  have  been  exempted  under  the  Bye-laws  from  the  Examination  in  Part  I. 


Date  of 
becoming 
a  Student. 

1892     1  Aaron,  David  Hyam, 

Sun  Life  Assurance  Society,  63 

Thread  needle-street,  E.c. 

1903  l  Acum,  Wilfred  Harry, 

lb  Lordship-lane,  Wood  Green,!*. 
1901<     l  Addey,  Leonard, 

Clergy  Mutual  Assurance  Soc, 
2  Sf  3  The  Sanctuary,  s.w. 

1904  >  Allison,  Sinclair  E., 

Canada  Life  Assurance  Co., 
Toronto,  Canada. 

1894     '  Anderson,  Adam  Thomson, 

Australian  Mutual  Provident 
Society,  Sydney,  Australia. 

1904     l  Armstrong,  Charles  Henry, 

Imperial  Life  Assurance  Co.  of 
Canada,  Toronto,  Canada. 

1886       Arnold,  Thomas,  Jr., 

British  JEqu  itable  Life  Assurance 
Company,  Ltd.,  Queen  -  street  - 
place,  e.c. 

1902  l  Askwith,  Thomas  Nowell, 

London  Life  Association,  Ltd., 
81  King  William-street,  E.c. 

1904     l  Ayscough,  Ivan, 

Equity  and  Law  Life  Assurance 
Soc,  18  Lincoln' s-inn-fields,  w.c. 

1899     1  Baber,  Walter  Crosbie, 

Royal  Victoria  Life  Insurance 
Co.  of  Canada,  Montreal, 
Canada. 

1903  '  Baggs,  Henry  Ernest, 

English  and  Scottish  Law  Life 
Assurance  Association  A2  Water- 
loo-place, S.W. 


Date  of 
becoming 
a  Student. 

1903  !  Bain,  William  Algernon, 

Manufacturers'  Life  Insurance 
Co.,  Toronto,  Canada. 

1904  ID  Barford,  Frederick  William,  M.A., 

The  High  School,  Perth,  Western 
Australia. 

1899  '  Barnett,  Isaac, 

North   British    and   Mercantile 
Insurance  Co.,  61  Threadneedle- 
street,  E.c. 
1896     l  Barry,  David, 

Boyal  Commission  on  the  Uni- 
versity of  Melbourne,  Supreme 
Court  Library,  Melbourne,  Aus- 
tralia. 

1900  l  Bell,  Henry  Soady, 

"  Netherhall,"  The  Drive,Sidcup, 
Kent. 

1898     *  Bennell,  Samuel  Thomas, 
25  Meath  road,  Ilford. 

1903     Bennett,  Reginald, 

Refuge  Assurance  Co.,  Oxford- 
street,  Manchester. 

1898     x  Bennett,  Samuel, 

National  Deposit  Friendly  Soc., 
37  Queen-square,  w.c. 

1902     *  Biden,  Norman  Frederick, 

Standard  Life  Association,  28 
Elizabeth-st.,  Sydney,  Australia. 

1895  1  Bigby,  Robert  Frederick  Mitchell, 
General  Assurance  Company, 
103  Cannon-street,  E.c. 

1900     '  Bingeman,  Milton  H., 

Great  West  Life  Assurance 
Co.,  Winnipeg , Manitoba,  Canada. 


STUDENTS. 


Those  marked  1,  2,  or  3  have  passed  one,  two,  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (1)  have  been  exempted  under  the  Bye-laws  from  the  Examination  in  Part  I. 


Date  of 
becoming 
a  Stadent. 


1  Binuey,  Charles  Eardley- Wilmot, 

Royal  Exchange  Assurance  Cor- 
poration, Royal  Exchange,  E.C. 

1  Bird,  Edward  William, 

Northern  Assurance  Company, 
1  Moorgate-street,  E.C. 

1  Blake,  Frederick  Edward, 

Prudential  Assurance  Company, 
Solborn-bars,  E.C. 

1  Blake,  Francis  Seymour, 

62  Oakhurst-grove,  East  Dul- 
tcich,  S.E. 

Blanch,  Frederick  William, 
Si'ii     Life     Assurance    Society, 
157  Xewington  Causeway,  s.E. 

-  Blanchard,  Xorman,  B.A., 

Equity  <$•  Laic  Life  Assur.  Soc. 
18  Lincoln's-inn-Jields,  w.c. 

1  Blehl,  Ernest  M.,  A.M., 

Security  Trust  Sf  Life  Insurance 
Co.,  26th  and  Broadway,  New 
Tori;  U.S.A. 

Blossom,  James, 
186  South-view- road ,  Sheffield. 

1  Boag,  Harold, 

14  Avondale-terrace,  Gateshead. 

^oddy,  Henry  Mitchell, 

Manufacturers'  Life  Insurance 
Co.,  Cape  Toirn,  South  Africa. 

1  Bodley,  Rupert  Frank, 

Star  Life  Assurance  Society, 
32  Moorgate-street,  E.C. 

Bond,  Frederic  D., 
122    South   39th   Street,   Phi/a- 
delphia,  U.S.A. 

1  Borrajo,  Edward  Joseph  William, 
Prudential  Assurance   Company, 
Solborn-bars,  E.C. 

1  Bowerman,  Judah  Philip, 

51  Me  Auley-place,  Jamaica,  New 
York  City",  U.S.A. 

1  Bowles,  Francis  Marsh, 

Pearl  Life  Assurance  Company, 
London-bridge,  E.C. 

1  Boyd,  Henry  Xorris, 

City  of  Glasgow  Life  Assurance 
Company,  21  St.  Andrew-square, 
Edinburgh. 


Date  of 
becoming 
a  Student. 

1903  »  Bradbury,  Algernon  Charles, 

Australian  Mutual  Provident 
Society,  Melbourne,  Australia. 

1899     '  Brady,  John  Francis, 

Citizens'  Life  Assurance  Co., 
Sydney,  Australia. 

1897     l  Brierley,  William  Ernest, 

Refuge  Assurance  Company, 
Oxford-street,  Manchester. 

1904  '  Broad,  Laurence  C, 

Prudential  Assurance  Company, 
Solborn-bars,  E.c. 

1902  >  Brook,  Frank  A., 

Refuge  Assurance  Co.,  Oxford- 
street,  Manchester. 

1894     l  Brough,  Frank, 

Federal  Life  Assurance  Company, 
Hamilton,  Ontario,  Canada. 

1904     l  Brown,  Arthur  Ewart, 

Scottish  Widows'  Fund  and  Life 
Assurance  Society,  28  Cor nh  ill, 

E.C 

1891     •  Brown,  William  Heron, 

Gresham  Life  Assurance  Society, 
Limited,  St.  Mildred's  •  house, 
Poultry,  E.C. 

1889       Buckle,  Frederick, 

Aberfoyle,  Ualkyrie-road,  West- 
cliff-on-Sea,  Essex. 

1901  '  Caldwell,  Richard  H ., 

North    British    and    Mercantile 
Insurance  Co.,  Birmingham. 
1904     1  Canter,  Harold, 

National  Provident  Institution, 
48  Gracechurch-street,  E.c. 

1903  >  Capon,  Frank  Christopher, 

Prudential  Assurance  Company, 
Solborn-bars,  E.C 

1902  '  Capon,  Geoffrey  William, 

Norwich  Union  Life  Insurance 
Society,  Norwich. 

1903  '  Carpenter,  Thomas  B.  Boyd, 

Clergy  Mutual  Assurance 
Society,  2  Sr  3  The  Sanctuary, 
s.w. 

1901     '  Carter,  George  Stanley, 

Life  Association  of  Scotland, 
5  Lombard-street,  E.c. 

1899     "  Carter,  Xorman  John, 

Eagle  Insurance  Company,  79 
Pall-mall,  8.W. 


STUDENTS. 


Those  marked  1,  2,  or  3  have  passed  one,  two, 
Those  marked  (1)  have  leen  exempted  under 


or  three  of  the  four  Examinations  of  the  Institute, 
the  Bye-laws  from  the  Examination  in  Tart  I. 


Date  of 

1 ominff 

a  Student. 
1900     x 

1902  » 

1903  l 
1903  ! 

1901  ' 

1901 

1897 

1902 

1902 

1901 

1895 
1899 
1902 
1896 

1900 


Chambers,  John  Joseph, 
Prudential    Assurance   Co.,  138 
Lord-street,  Southport. 

Chandler,  Frederick  Joseph, 
Eagle   Insurance    Co.,  79  Pall- 
mall,  s."W. 
1  Cheshire,  Harold  Frank, 

Woodside,        Shomden,        St. 
Leonard' s-on- Sea. 

1  Child,  Robert  Harold, 

North  British  and  Mercantile 
Insurance  Company,  61  Thread- 
needle-street,  E.C. 

1  Chubb,  William, 

Sun  Life  Assurance  Company  of 
Canada  Montreal,  Canada. 

1  Clarke,  Eustace  Edgar, 

Pelican  Sf  British  Empire  Life 
Office,  70  Lombard-street,  E.C. 

1  Clinton,  George, 
Prudential  Assurance  Company, 
Holborn-bars,  E.C. 

2  Clinton,  Louis  Ernest, 
Sun    Life    Assurance     Society, 
63  Threadneedle-street,  E.C. 

2  Coates,  Frederick  George, 

Hand  -  in  -  Hand  Insurance 
Society,   26   Neio   Bridge-street, 

E.C. 

1  Cockerton,  John  Leonard, 

Pioneer  Life  Assurance  Co., Ltd., 
Century  -  buildings,  31  North 
John-street,  Liverpool. 

Cogar,  William  Edward, 
New  York  Life  Insurance   Co., 
Trafalgar-square,  W.C. 

i  Collins,  Patrick  A., 

Citizens'    Life    Assurance    Co., 

Sydney,  Australia. 

1  Collins,  William  Ernest, 
61      Osmond-terrace,    Norwood, 
Soutli  Australia. 

1  Cook,  Henry  Milton, 

Standard  Life  Assurance  Com- 
pany, Ealhousie-square,  Calcutta, 
India. 

1  Cooper,  Bernard  Hugh, 

Prudential  Assurance  Company, 
Holborn-bars,  E.c. 


Pate  of 

becoming 
a  Student. 

1903 


1  Cooper,  John  James, 

Sun  Life  Assurance  Co.  of 
Canada,  Montreal,  Canada. 

1902  ^'orbett,  Archibald  Gladstone, 

Australian  Mutual  Provident 
Society,  Collins-st.,  Melbourne, 
Australia. 

1903  1  Cotton,  Arthur  Sparkes, 

Scottish  Office,  S.W. 

1905     J  Cotterill,  William  Ernest 
(Reinstated), 

Mutual  Life  Association  of 
Australasia  Ltd.,  Sydney, 
Australia. 

1897     2  Court,  Alexander  George  Dacus, 
Coningsby,    Hyde-vale,     Green- 
wich, S.E. 

1901     l  Coventry,  Cameron  H., 

Australasian  Temperance  and 
General  Mutual  Life  Assurance 
Society,  Melbourne,  Australia. 

1904  1  Cowdy,  Henry  Leslie, 

Scottish  Union  and  National 
Insurance  Co.,  3  King  William- 
street,  E.C 

1894       Cox,  Edward  William, 

Canada  Life  Assurance  Co., 
Toronto,  Canada. 

1894.       Cox,  Herbert  Coplin, 

Canada  Life  Assurance  Co., 
Toronto,  Canada. 

1887     l  Cross,  Henry  John, 

2,Park-rd.,Wandsworth-common, 

S.W. 
1897     '  Crump,  Percy  C, 

Prudential  Assurance  Company, 

Holborn-bars,  E.c. 
1904     '  dishing,  Robertson  Macaulay, 

Sun  Life  Assurance  Company  of 

Canada,  Montreal,  Canada. 
1904     '  Dalrymple,  Alfred  George, 

Canada  Life  Assurance  Company, 

Toronto,  Canada. 

1897     l  Dalton,  John, 

London  Life   Association,  Ltd., 

81  King  William-street,  E.C. 
1889     ]  Davies,  Hugh  Myddleton, 

Royal  Insurance  Co.,  Liverpool. 
1900     '  Davies,  William  Allison, 

Borough  Treasurer's  Office,  Town 

Hall,  Birkenhead. 
1899     l  Davison,  Horace  Williams, 

15  Torrington-square,  "W.C. 


STUDENTS. 


Those  marked  1,  2,  or  3  have  passed  one,  two,  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (1)  have  been  exempted  under  the  Bye-lau-s  from  the  Examination  in  Part  I. 


Date  of 
becoming 
a  Student. 

1891  '  Dawson,  Frank  Aubrey, 

Ecclesiastical  Insurance  Office, 
Limited,  11  Norfolk  -street, 
Strand,  w.c. 

1902     '  Deck,  James  Gilbert, 

National  Provident  Institution, 
48  Gracechurch-street,  E.C. 

190-4     l  Defries,  Frederick, 

Ecclesiactical  Insurance  Office, 
11  Norfolk-street,  Strand,  vr.c. 

1902  '  Denmark,  Robert  John, 

Norwich  Union  Life  Insurance 
Society,  Norwich. 

1901     ^enr,  Ernest  Edward, 

London  and  Lancashire  Life 
Assurance  Company,  66  &  67 
Cornhill,  E.C. 

1896  >  de  Ville,  Francis, 

Clergy  Pensions  Institution,  11 
Norfolk-street,  Strand,  'W.c. 

1890     •  Docker,  Leslie, 

North  British  and  Mercantile 
Insurance  Co.,  61  Threadneedle- 
street,  E.c. 

1897  *  Dorrian,  John  Christopher, 

Citizens'  Life  Assurance  Com- 
pany, Sydney,  Australia. 

1903  !  Downes,  Edward  George, 

c\o  T.  G.  Ackland,  Esq., 
5  Sf  6  Clemenfs-inn,  W.C. 

1901  2  Downes,  Sidney  Cecil, 

Prudential  Assurance  Company, 
Holbom-bars,  E.c. 

1904  >  Drake,  Charles  Clifford  Hall, 

Prudential  Assurance  Company, 
Holbom-bars,  E.c. 

1892  x  Edwards,  Edward  Samuel, 

Australian  Mutual  Provident 
Society,  Sydney,  Australia. 

1902  '  Edwards,  Thomas  Baker, 

Comptroller's  Dept.,  London 
Comity  Council,  Spring-gardens, 
S."W. 

1892     l  Eedy,  Arthur  Malcolm, 

Citizens'  Life  Assurance  Com- 
pany, Sydney,  Australia. 

1901     >  Egleton,  Harold  Edward, 

Prudential  Assurance  Company, 
Holbom-bars,  E.c. 


Date  of 
becoming 
a  Student. 

1900  l  Elderton,  Robert  Lapidge, 

National  Provident  Institution, 
48  Gracechurch-street,  E.c. 

1904     J  Eldridge,  Ernest  Edward  Booth, 
Atlas  Assurance  Company,  Ltd., 
92   Cheapside,  E.c. 

1902  x  Ellis,  Reginald  George  Gregson, 

12  Manson-pl.,  Queen' s-gate,W. 

1903  '  Ellis,  Thomas  Barnes, 

Public  Works  Loan  Board,  Old 
Jewry,  E.c. 

1893     '  Emery,  John  M., 

Auditor  of  State's  Office,  Des 
Moines,  Iowa,   U.S.A. 

1904  J  Esler,  John, 

Crown  Life  Insurance  Company, 
Toronto,  Canada. 

1904     l  Falk,  Oswald  Toynbee,  B.A., 

Hand-in-Hand  Insurance  Soc. 
26  New  Bridge-street,  B.C. 

1903  •  Farmer,  Ernest  Chattock, 

London,  Edinburgh  ty  Glasgow 
Assurance  Company,  Limited, 
Insurance-bldngs.,  Farringdon- 
street,  E.c. 

1892     >  Farrell,  John, 

Citizens'  Life  Assurance  Co., 
210  Queen-street,  Brisbane,  Aus- 
tralia. 

1902     '  Farrow,  Alfred  Ellis, 

Yorkshire  Insurance  Company, 
York. 

1901  '  Fielder,  William  Crowhurst, 

Atlas  Assurance  Company,  Ltd., 
92  Cheapside,  E.c. 

1904  »  File,  Lome  K., 

Imperial  Life  Assurance  Co.  of 
Canada,  Toronto,  Canada. 

1904     '  Fippard,  Richard  Clift, 

11  Oakington-road,  Paddington, 
w. 

1901     l  Fisher,  John  William,  B.A., 

Crown  Life  Insurance  Co., 
Toronto,  Canada. 

1896  l  Fisk,  George  William  Victor,  F.S.S., 
Prudential  Assurance  Company, 
Holbom-bars,  B.C. 


STUDENTS. 

Those  marked  I    2,  or  3  have  passed  one,  two,  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (1)  have  been  exempted  under  the  Bye-laws  from  the  Examination  in  Part  I. 


Date  of 
becoming 
a  Student. 

1904     »  Fletcher,  Andrew  W.  A.  C, 

Standard    Life   Assurance    Co., 
3  Pall  Mall  East,  s.w. 

1904     •  Foot,  Alfred  Helsdon, 

Law  Accident  Insurance  Society, 
215  Strand,  W.C. 

1901     l  Franklin,  Herbert  Dare, 

Australian     Mutual     Provident 
Society,  Melbourne,  Australia. 

1903     J  Fulford,  William  John, 

Prudential  Assurance  Company, 
Solborn-bars,  E.C. 

1890       Gaminan,  Robert  Ebenezer, 

London     Joint      Stock     Bank, 
Princes-street,  E.C. 


1S86 


Gareke,  Emile,  F.S.S.,  M.I.E.E., 
Ditton-house,  near  Maidenhead. 


1900  '  Garner,  James, 

9  Arlington-gardens,  Ch  iswickAV. 

1901  0)  Gerrish,  Frank  Wilfred,  B.A., 

Minerva-villa,  Albert-rd. -south, 
Buckhurst-hill,  Essex. 

1899  l  Giles,  Hylton  Lloyd, 

Pelican  Sf  British  Empire  Life 
Office,  70  Lombard-street,  E.C. 

1895     '  Gill,  James  Stewart, 

Australian  Widows'  Fund  Life 
Assurance  Society,  Sydney, 
Australia. 

1900  l  Gillespie,JosephHughRoss,M.A., 

Manufacturers'  Life  Insurance 
Co.,  Toronto,  Canada. 

1901  '  Glassford,  David  Murray, 

Mutual  Life  Association  of  Aus- 
tralasia, Sydney,  Australia. 

1893       Glasson,  George  Cornish, 

Economic  Life  Assurance  Soc, 
4  St.  Stephen' s-chbrs.,  Baldwin- 
street,  Bristol. 

1902  l  Gleave,  Charles  Sheldon, 

Befuge  Assurance  Co.,  Oxford- 
street,  Manchester. 

1893     '  Gledstone,  W.  L., 

Royal  Exchange  Assur.  Corpora- 
tion, Royal  Exchange,  E.c. 


Date  of 
becoming 
a  Student. 

1902  »  Godsill,  Richard  Collis, 

Liverpool  J'ictoria  Legal 
Friendly  Soc,  18  St.  Andrew- 
street,  E.C. 

1894     »  Golding,  Arthur, 

40  Allerton-road,  Stoke  New- 
ington,  N. 

1388     l  Gooding,  Harold  John, 

Law  Guarantee  and  Trust  Soc, 
Ltd.,  56  Moorgate-street,  E.C. 

1903  l  Gopp,  John  Ive, 

14  Church-hill-road,  Waltham- 
stoic,  E. 

1902     '  Gordon,  Walter  Hamilton, 

45  Bray  don-road,  Stamford- 
hill,  N. 

1902     '  Gorham,  Edwin  Arthur, 

75  Albion-street-east,  Brunsivick, 
Melbourne,  Australia. 

1897    2  Gosset,  Thorold, 

16  Durham-road,  Wimbledon, 
s.w. 

1902  J  Gould,  W.  H.,  M.A., 

Sovereign  Life  Assurance  Co., 
Toronto,  Canada. 

1886       Gover,  Frederick  Field,  F.S.S., 
10  Lee-park,  Blackheath,  S.E. 

1904  1  Gray,  Maurice  Donald, 

Australian  Mutual  Provident 
Soc,  Wellington,  New  Zealand. 

1903  l  Green,  Walter, 

Ecclesiastical  Commission,  10 
Whitehall-place,  s.w. 

1886       Greening,  Herbert  Joseph, 

Abstainers' <§■  General Insur.  Co., 
City-bit  ildings,  Birmingham. 

1899     '  Grigg,  Benjamin, 

Sun  Life  Assur.  Co.  of  Canada, 
Montreal,  Canada. 

1901  l  Hall,  Arthur  F., 

North  American  Life  Assurance 
Co.,  North  American  Life  Build- 
ing, 112  - 118  King-street-west, 
Toronto,  Canada. 

1902  -  Hallett,  William  Sebastian,  B.A., 

Equitable  Life  Assurance  Soc, 
Mansion-house-street,  e.c 

1896     '  Hallman,  M.  S., 

Mutual  Life  Assurance  Company 
of  Canada,  Waterloo,  Ontario, 
Canada. 


STUDENTS. 


Those  marked  1,  2,  or  3   have  passed  one,  two,  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (1)  have  oeen  exempted  under  the  Byedau-s  from  the  Examination  in  Part  I. 


Date  of 
becoming 
a  Student. 

1899  J 

1901  • 

1902  J 

1900  » 
1892 

1903  » 

1902  J 

1903  ' 


Halloran,  George  Henry, 
20     Castlereagh-street,     Sydney, 
Australia. 

Hamilton,  George  Powell, 
North  American  Life  Assurance 
Co.,  McLean  Block,  6  Douglas- 
street,  Guelph,  Ontario,  Canada. 

Hammant,  Francis  Clive, 
Prudential  Assurance  Company, 
Holborn-bars,  E.C. 

Hammond,  Reginald, 
British    Equitable   Life    Assur. 
Co.,  Ltd.,  Queen-street-place,  E.c. 

Hancock,  Arthur  Tom, 
Clerical,  Medical  §  General  Life 
Assurance  Society,  15  St.  James's- 
square,  S.W. 

Hancock,  Edwin  J., 
72  Tredegar-road,  Bote,  E. 

Hardy,  Reginald  Herbert, 
32  Highfield-street,  Leicester. 

Harley,  Brian, 
Guardian     Assurance     Co.,    11 
Lombard-street,  E.c. 

1901     »  Harpell,  James  John,  B.A., 

North  American  Life  Assurance 
Co.,  North  American  Life 
Building,  112-118  King-street- 
west,  Toronto,  Canada. 

Harper,  Henry, 
103  M'averley-road,  Small  Heath, 

Birmingham. 

Harris,  Ernest  Arthur, 
40  Lambert-road,   Brixton-hill, 
s.w. 


1901  > 
1903  » 
1889     ' 


Harris,  Henry, 
Friends'   Provident   Institution, 

17  Gracechurch-street,  e.c. 

1896       Haskins,  George  Frederick,  A.C.A., 

18  Walbrook,  E.C. 

1894     '  Hatten,  David  Leslie, 

Standard     Life   Assurance    Co., 
83  King  William-street,  E.C. 

1903     l  Hill,  Prank  Wilson, 

Norwich    Union  Life  Insurance 
Society,  Noricich. 

1896     2Hines,  Walter  Robert, 

Norwich    Union  Life  Insurance 
Society,  Norwich. 


Date  of 
becoming 
a  Student. 

1897  «  Hitchins,  William  Richmond,  B.A., 

Manufacturers'  Life  Insurance 
Company,  Toronto,  Canada. 

1902     •  Hodge,  Cecil  Wilfred, 

Star  Life  Assurance  Society, 
32  Moorgate-street,  E.c. 

1896     '  Hogg,  Charles, 

10  Whitehall-place,  S.W. 

1898  -  Hooper,  George  Duncan, 

Prudential  Assurance  Company, 
Holborn-bars,  E.C. 

1895     •  Horn,  Ernest  Frederick, 

Clerical,  Medical  and  General 
Life  Assurance  Society,  1  King 
William-street,  E.C. 


1902 


1901 


Houston,  Charles  Cornelius, 
Metropolitan    Asylums     Board, 
Victoria-embankment,  e.c 


Howell,  Archibald  Rennie,  B.A., 
Royal  Insurance  Co.  of  England, 
Montreal,  Canada. 

1898       Hughes,  Arthur  J., 

Crown  Life  Insurance  Co., 
Toronto,  Canada. 

1902     •  Hughes,  Charles, 

Insurance  Department  of  the 
State  of  Connecticut,  Hartford, 
Conn.,  U.S.A. 

Hugill,  Herbert, 
"  Briarfield,"  Keighley. 

Humphreys,  Harry  Lewis, 
9  Court-road,  West  Norwood,  s.E. 


1902  » 
1904  ' 
1902  » 


Humphreys,  John  A., 
National  Mutual  Life  Assurance 
Society,  39  King-street,   Cheap- 
side,  E.C. 

1902     1  Humphry,  Edmund  William, 

Life  Association  of  Scotland, 
5  Lombard-street,  E.C. 

1891       Hunt,  Arthur  Leonard, 

Wesleyan  and  General  Assur. 
Society,  101  Finsbury-pavement, 
E.C. 

1902  W  Jackson,  Charles  William,  M.A., 
Cj'o    M.    M.    Dawson,    Esq.,    11 
Broadway,  New  York,  U.S.A. 

1902     2  Jackson,  Herbert  Moore, 

Australian  Mutual  Provident 
Society,  Sydney,  Australia. 


STUDENTS. 


Those  marled  1,  2,  or  3  have  passed  one,  two,  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marled  (1)  have  lecn  exempted  under  the  Bye-laws  from  the  Examination  in  Part  I. 


Date  of 
becoming 
a  Student. 

1890 


1903 
1895 
1896 

1904 

1898 
1902 

1903 
1896 

1893 

1902 

1894 
1900 


2  Jackson,  Samuel, 

Scottish  Widow?  Fund  and  Life 
Assurance  Society,  Liverpool. 

1  Jefferson,  John  Arthur, 
c\o      T.      G.     Ackland,     Esq., 
5  Sf  6  Clement' s-inn,  w.c 

1 Jenkvn,  John, 

Squirrel'  s-heath,     Romford, 
Essex. 

1  Jepps,  John  Blacklee, 

English  and  Scottish  Law  Life 
Assurance  Assoc,  12  Waterloo- 
place,  s.w. 

1  Johnson,  Frank  Henry, 

Law  Life  Assurance  Society, 
187  Fleet-street,  E.C. 

1  Johnston,  Arthur  Edward, 
3  Cumnor-road,  Sutton. 

1  Jones,  Edward  Furnival,  A.S.A.A., 
Hearts  of  Oak  Benefit  Society, 
17  Charlotte-street,  w. 

1  Jones,  Ernest  Stephens, 
National  Debt  Office,  E.C 

1  Jones,  Richard  Foxley, 

Refuge  Assurance  Co.,  Oxford- 
street,  Manchester. 

-  Kelham,  Cyril  Stephen, 

Prudential  Assurance  Company, 
Holborn-bars,  E.C. 

1  Kemper,  J.  M.  de  Bosch, 

La  Mutuelle  Hollandais  In- 
surance Company,  21  Avenue  de 
V  Opera,  Paris. 

2  Kingsbury,  James  William, 

Australian  3Iutual  Provident 
Society,  Sydney,  Australia. 

1  Kirkham,  Alfred, 

cio  Messrs.  Thos.  Mitchell  Sf  Co., 
Lonsdale-street,     Melbourne, 
Australia. 


1903     l  Kirsopp,  Frederick, 

Liverpool  Victoria  Legal 
Friendly  Society,  18  St. 
Andrew-street,  E.C. 

1895     l  Knight,  Alfred  Murray, 

Bank-house,  Chapel-st.,  Devon- 
port. 


Date  of 
becoming 
a  Student. 


1902 


1  Lang,  Frederick  John, 

Royal  London  Friendly  Society, 
Finsbury-square,  E.C. 

1902     '  Langstaff,  James  Miles, 

Imperial  Life  Assurance  Co.  of 
Canada,  Toronto,  Canada. 

1901     l  Latham,  Bertrand, 

Australian  Mutual  Provident 
Society,  Melbourne,  Australia. 

190-1     l  Latham,  Percy  James, 

Inland  Revenue  Department, 
Falkirk,  N.B. 

1891       Layzell,  Phillip  Cuddington, 

Prudential  Assurance  Company, 
Holborn-bars,  E.C. 

1904     1  Lee,  Frank  Sidney, 

Ocean  Accident  and  Guarantee 
Corporation,  36-14  Moorgate- 
street,  E.C. 

1904     J  Lee,  Frederick, 

Ecclesiastical  Insurance  Office, 
11  Norfolk-street,  Strand,  w.c 

1901     l  Leigh,  Samuel  George, 

Refuge  Assurance  Co.,  Oxford- 
street,  Manchester. 

1894  Leonard,  Maurice, 

14  Sotheby-road,  Highbury,  N. 

1904     «  Levey,  Ralph, 

Prudential  Assurance  Company, 
Holborn-bars,  E.c 

1904     J  Lewty,  Francis  Arthur, 

Equity  and  Law  Life  Ass.  Soc, 
18  Lincoln' s-inn-fields,  w.c 

1896     '  Ley,  James, 

Officeof  the  Actuary  for  Friendly 
Societies,  Melbourne,  Australia. 

18S9     '  Lighten,  Harold  John, 

Law  Union  Sf  Crown  Insurance 
Co.,  126  Chancery-lane,  W.C 

1904     l  Linzmeyer,  Louis,  Mem.  Act.  Soc. 
Amer., 
Manhattan  Life  Insurance  Co., 
64-70     Broadway,    New    York, 
U.S.A. 

1895  1  Littell,  Lewis  Lloyd, 

Standard  Life  Assurance  Co., 
83  King  William-street,  E.C 


STUDENTS. 


Those  marked  1,  2,  or  3  have  jxtssed  one,  two,  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (1)  have  been  exempted  under  the  Bye-Jaws  from  the  Examination  in  rart  I. 


Date  of 
becoming 
a  Student. 

1904 


1  Littlefair,  James  Taylor, 
Befuge  Assurance  Co.,    Oxford- 
street,  Manchester. 

1890       Love,  Robert, 

Ecclesiastical  Insurance  Office, 
11  Norfolk-street,  Strand,  w.c. 

1903     '  Macaulay,  Frederick   Robertson, 
4007    Dorchester-street,       West- 
mount,  Montreal,  Canada. 

1S88     l  McConway,  James  Robert, 

Boyal  Insurance  Company, liver- 
pool. 

1903  '  McDonald,  Charles  Joseph  Angus, 
Australian  Mutual  Provident 
Society,  Wellington,        Nea 

Zealand. 

1903  '  Macdonald,  Charles  Strange,  M.A., 
Confederation  Life  Association, 
Toronto,  Canada. 

1903  l  Maedougall,  Graham  L., 

Massachusetts  Mutual  Life  In- 
surance Co.,  Springfield,  Mass., 
U.S.A. 

1904  l  Macfarlane,  Edmond  Scales, 

Manufacturers'  Life  Insurance 
Company,  Toronto,  Canada. 

1902     '  Macfarlane,  James  Allan, 

North  American  Life  Assurance 
Co.,  North  American  Life 
Building,  112-118  King-street- 
west,  Toronto,  Canada. 

1902     1McGee,  Cyril  H. 

Box  981,  St.  Thomas,  Ontario, 
Canada. 

1904     l  McKechnie,  James  Baldwin, 

Manufacturers'  Life  Insurance 
Company,  Toronto,  Canada. 

1902  l  McKellar,  John  A., 

Equitable  Life  Assur.  Society  of 
the  United  States,  \2QBroadway, 
New  York,  U.S.A. 

1901     !  Macmillan,  Alexander, 

27  Westcliffe-grove,  Harrogate. 

1903  l  Macneill,  Murray, 

McGill  University,  Montreal, 
Canada. 


Date  of 

becoming 

a  Student. 

1S97     '  McPhail,  Frederick  Charles, 

Colonial  Mutual  Life  Assurance 
Society  Limited,  Melbourne, 
Australia. 

1904  <!>  Makepeace,  Francis  Lucas,  B.A., 
29  JJeronda-road,  Htrne-hill,  S.E. 

1903     •  Maltby,  Charles  Hugh, 

Scottish  Widows'  Fund  and 
Life  Assurance  Society,  28 
Cornhill,  E.C. 

1903  »  Manly,  George  William,  B.A., 

Clerical,  Medical  §  General 
Life  Assurance  Society,  15  <SY. 
James's-square,  S.w. 

1904  l  Marlin,  James  Harold, 

Ocean  Accident  and  Guarantee 
Corporation,  36-44  Moorgate- 
street,  E.C. 

1903  l  Martin,  Frederick  Charles, 

Prudential  Assurance  Company, 
Holbom-bars,  E.C. 

1904  •  Matheson,  Donald, 

Imperial  Life  Assurance  Co.  of 
Canada,  Toronto,  Canada. 

1895     '  Mayhew,  Percy  Craske, 

4  Princess-road,  Selhurst,  S.E. 

1S90     l  Meikle,    Henry    George    Watson, 
F.F.A., 
Oriental     Government    Security 
Life    Assurance    Co.,   Limited, 
Bombay,  India. 

1901     l  Melville,  Henry  Edward, 

Alliance  Assurance  Company, 
Ltd.,  Bartholomew-lane,  E.c. 

1892     l  Meyers,  Henry  Wilson, 

Nation.''!  Mutual  Life  Associa- 
tion of  Australasia,  76  ^*  77 
Cornhill,  e.c. 

1S99     -Minus,  Ernest  Edwin, 

Norwich  Union  Life  Insurance 
Society,  Norwich. 

1904     l  Monilaws,  William  Barrington, 

Scottish  Provident  Institution, 
17  King  William-street,  E.c. 


STUDENTS. 


Those  marled  1,  2,  or  3  have  passed  one,  tun,  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (1)  have  lieen  exempted  under  the  Bye-laws  from  the  Examination  in  Tart  I. 


Date  of 
becoming 
a  Student. 

1903  W  Monkhouse,  Charles  Cosmo,  B.A., 
English   Sf    Scottish   Law    Life 
Assur.  Association,  12  Waterloo- 
place,  s.w. 

1900     '  Moore,  George  Edward, 

Australian  Widows'  Fund  Life 
Assurance  Society,  Melbourne, 
Australia. 

1895     >  Moore,  Gerald  Leslie,  A.C.A., 

1  Rosebery-gardens,  Muswell- 
hill,  N. 

1902  '  Moore,  Hubert  Fred, 

London  Assurance  Corporation, 
7  Royal  Exchange,  E.C. 

1903  !  Moore,  Roderick  John, 

34  Cleveland-mansions,  Widley- 
road,  Elgin-avenue,  w. 

1898    '  Moore,  Stanley, 

Prudential  Assurance  Company, 
Holborn-bars,  E.c. 

190-1     '  Moran,  Albert  James, 

Sun  Life  Assurance  Society,  63 
Threadneedle-street,  E.C. 

1902     1  Morton,  Francis, 

Hand-in-Hand  Insurance  Soc, 
26  New-bridge-street,  E.C. 

1902     l  Muckle,  Charles  Park, 

Union  Life  Assurance  Co., 
Toronto,  Canada. 

1904  1  Mulcahy,  Francis  Benedict, 

Citizens'  Life  Assurance  Co., 
Sydney,  Australia. 

1902  *  Mullin,  Alexander,  B.A., 

76  Major-st.,  Toronto,  Canada. 

1903  l  Myers,  Harry  Duxbury,  A.S.A.A., 

64  Devonshire-street,  Keighley. 

1896     '  Neale,  Maurice  Baldwin, 

Alliance  Assurance  Company, 
Ltd.,  Bartholomew -lane,  E.C. 

1903     '  Neill,  William  Adam  Hoyes, 

Scottish  Widows'  Fund  and 
Life  Assurance  Society,  28 
Cornhill,  E.C. 

1895     l  Newnham,  Ernest  Whiffin, 

Prudential  Assurance  Company, 
Holborn-bars,  E.c 


Date  of 
becoming 
a  Student. 

1904     '  Norris,  Isaac  Taylor, 

Collegiate     Institute,      Ottawa, 
Canada. 

1903     ^orthcott,  John  Arthur, 

St.  Andrew's  College,  Toronto, 
Canada. 

1901  l  Nugent,  James, 

Cornwall,  Ontario,  Canada. 

1903     l  Oates,  Percy  Tuckfield, 

30  High-street,  Wimbledon,  s.w. 

1902  (D O'Connor,  William,  M.A.,  M.D., 

Mutual  Life  Insurance  Co.  of 
New  York,  31,  32  Sf  33  Canadian 
Bank  of  Commerce  Building, 
Toronto,  Canada. 

1892  '  O'Reilly,  Anthony  James, 

Government  Insurance  Depart- 
ment, Ottawa,  Canada. 

1897     !  Osborn,  Nathaniel  Banner 
Francis, 
11  Bruce-grove,  Tottenham,  N. 

1893  x  Owen,  Edgar  Theodore,  F.S.S., 

Registrar  of  Friendly  Societies 
and  Government  Actuary ,  Perth, 
Western  Australia. 

1901     ^apworth,    Frederick    William, 
A.S.A.A., 

Admiralty,  s.w. 

1904     '  Parker,  John  G., 

82  Harvard-avenue,  Toronto, 
Canada. 

1904     l  Parker,  Walter  Montgomery, 

Prudential  Assurance  Company, 
Holborn-bars,  E.c. 

1895  l  Pascoe,  William  Yeoman  Bennett, 
Prudential  Assurance  Company, 
Holborn-bars,  E.C. 

1901     '  Paton,  Albert  George, 

London  Assurance  Corporation, 
7  Royal  Exchange,  E.C. 

1897     l  Paton,  Harry  Arthur, 

Royal  Exchange  Assurance  Cor- 
poration, Royal  Exchange,  E.C. 


STUDENTS. 


Those  marked  1,  2,  or  3  have  passed  one,  txco,  or  three  of  the  four  Examinations  of  the  Institute. 
Those  markeil  (I)  have  been  exempted  under  the  Bye-laws  from  the  Examination  in  Part  I. 


Date  of 
becoming 
a  Student. 

1896 


2  Penny,  Charles  Augustus, 

Prudential  Assurance  Company, 
Holborn-lars,  E.c. 


1901     l  Petter,  Herbert, 

British.  Workman's  and  General 
Assurance  Co.,  Broad-street- 
corner,  Birmingham. 

1904  x  Phillips,  Waltt-r,A.C.I.S.,A.S.A.A., 
8  Biverdale-terrace,  Bichmond, 
Surrey. 

1898       Poort,  Willem  Anthonie,  Phil.  Nat. 
Doct., 
Algemeene      Friesche      Levens- 
verzekerings  Maatschappij  Leeu- 
warden,  Leeuwarden,  Holland. 

1904     •  Portch,  Albert  Garfield, 

Canada  Life  Assurance  Company, 
Toronto,  Canada. 

1903   W  Porter,  Frank,  ALA., 

Ma  n  afield House ,  Canning Town  ,E. 

1893  '  Pownall,  Herbert  Wilfred, 

Australian  Mutual  Provident 
Society,  Adelaide,  Australia. 

1901     1Rainsay,  Cecil  Byron, 

Mutual  Life  Insurance  Co.  of 
Neu  York,  16,  17  &  18  Comhill, 

E.C. 

1903     '  Raynes,  Harold  Ernest, 

Legal  and  General  Life  Assur- 
ance Society,  10  Fleet-street,  E.c. 

1898     '  Reynell,  Guy  Courtenay, 

National  Mutual  Life  Assurance 
Society,  39  King-st.,  Cheapside, 

E.C. 

1901     •  Reyner,  Harry  Fane, 

Befuge  Assurance  Company, 
Oxford -street,  Manchester. 

1903  l  Reynolds,  William  Daniel, 

Prudential  Assurance  Company, 
Holborn-lars,  E.C. 

1904  l  Rice,  George  Ritchie, 

58  Croxted-road,  West  Dulwich, 

S.E. 

1894  >  Richards,  Gilbert  P.  A., 

Oak  Cottage,  Bulwer-road,  Xeic 
Barnet. 


Date  of 
becoming 
a  Student. 

1904 


1  Ridgway,  Wulfric, 

Sun    Life     Assurance     Society, 
63  Threadneedle-street,  E.C. 


1902  l  Robertson,  Aubrey  diaries, 

London  Assurance  Corporation, 
7  Boyal  Fxchange,  E.C. 

1901     '  Robertson,  A.  W.  L., 

Guardian  Assurance  Co.,  11 
Lombard-street ,  E.C. 

1903  '  Robertson,  Bernard, 

Prudential  Assurance  Company, 
Holborn-bars,  E.c. 

1903  l  Robinson,  Ernest  William, 

Standard  Life  Association,  Ltd., 
28  Elizabeth-street,  Sydney, 
Australia. 

1896     Robinson,  Frederick  Charles, 

Boyal  Fxchange  Assur.  Corpora- 
tion, Boyal  Fxchange,  E.C. 

1893     '  Roll,  Frederick  James, 

Pearl  Life  Assurance  Company, 
London-bridge,  E.C. 

1593  *  Roodenburch,    Bartbolomeus 

Adrianus, 
Verzekeringsbank   Victoria, 
689   Prinsengracht,  Amsterdam. 

1895     J  Ross,  Christopher  Watson, 

c  o  Messrs.  M.  Moss  cf  Co., 
Flinder's-lane,  Melbourne,  Aus- 
tralia. 

1901     '  Rountree,  Artbur  FitzGeral A, 

The  Bectory,  Stretford,  near 
Manchester. 

1S95       Rowley,  James  Edward,  A.C.A., 
7  Waterloo-street,  Birmingham. 

1899     l  Rutter,  Edward  Valentine, 

Pelican  §•  British  Empire  Life 
Office,  70  Lombard-street,  e.c. 

1904  '  Sadler,  Percy, 

Prudential  Assurance  Company, 
Holborn-bars,  E.c. 

1594  Salter,  George  Ferry,  ilem.  Act. 

Soc.  Amer., 
123  W.  Wth-streef,  E.   Orange, 
JS'.J.,  U.S.A. 


STUDENTS. 


Those  marked  1,  2,  or  3  Arti'e  passed  one,  two,  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (1)  hatx  '..!  under  the  Bi/c-laivs  from  the  Examination  in  rart  I. 


Hate  of 
becoming 
a  Student. 

1892     l  Savory,  Robert  S.  B., 

Gresham  Life  Assurance  Society, 

Giselastrasse,  No.  1,  Vienna. 

1897     l  Scott,  Alexander  Lewis, 

Australian     Mutual     Provident 
Society,  Melbourne,  Australia. 


1888 


Sewell,  Richard,  F.F.A.,C.A., 
63  Thread  needle-street,  E.C. 


1904     '  Sharp,  George  Gilbert, 

34  Croft-street,  Deptford,  s.E. 

1902     l  Shrubsole,  Stanley  Smith, 

Prudential  Assurance  Company, 
Holborn-bars,  E.C 

1896     1  Slmte,  Oxenham  Rent, 

National  Provincial  Sank  of 
England,  53  Baker-street,  "W". 

1892     !  Simpson,  William  Murray, 

North  British  and  Mercantile 
Insurance  Company,  61  Thread- 
needle-street,  E.C. 

1904     :  Sinclair,  William  Alexander, 

Canada  Life  Assurance  Company, 
Toronto,  Canada. 

1891     »  Simlall,  Alfred  John, 

London  and  Lancashire  Life 
Assurance  Co.,  66  fy  67  Cornhill, 

E.C. 

1888     2Slimon,  William  James,  F.F.A., 

10  May  field-terrace,  Edinburgh. 

1902  *  Smith,  Septimus  Wontner, 

Equitable  Life  Assurance  Soc., 
Mansion-house-street,  E.c. 

1903  (D  Smith,  Thomas  Cooper,  B.A., 

Hand-in-Hand  Insurance  Soc, 
26  New  Bridge-street,  E.C. 

1903     >  Smith,  William, 

Standard  Life  Association,  Ltd., 
28  Elizabeth-street,  Sydney, 
Australia. 

1902  l  Smitber,  Herbert  Buxton, 

University  Life  Assurance  Soc, 
25  Pall-mall,  s."w\ 

1903  2  Sneddon,  Andrew  William, 

Australian  Mutual  Provident 
Society,  Sydney,  Australia. 


Date  of 
a  Student. 


1900 

1904 

1904 

1903 

1903 
1901 

1898 

1886 

1903 

1888 
1893 

1903 

1904 

1902 

1904 


1  Somerville,  Walter  Harold, 

Mutual  Life  Assurance  Company 
of  Canada,  Waterloo,  Ontario, 
Canada. 

1  Spring,  Stanley  Harold, 

London  Guarantee  and  Accident 
Company,  61  Moorgate-st.,  E.C. 

1  Sprules,  Alfred  M., 

29  Manor-row,  Bradford,  York- 
shire. 

1  Stanford,  Harold  William, 

London  Assurance  Corporation, 
7  Royal  Exchange,  E.c. 

1  Stebbings,  George  Warne, 
37  Leigh-road,  Highbury,  N. 

1  Steffensen,  Joban  F., 

Forsikringsraadet,  1  Christians- 
gade,  Copenhagen. 

2  Stewart,  Lionel  William, 

Alliance  Assurance  Co.,  Ltd., 
Bartholomew-lane,  E.C. 

2  Stirling,  James, 

Scottish  Imperial  Insurance  Co., 
183  West  George-st.,  Glasgoiv. 

1  Story,  Cyril  Lionel  William  Steane, 
Norwich  Union  Life  Insurance 
Society,  71  §  72  King  William- 
street,  E.C. 

1  Stott,  Walter, 

Royal  Insurance  Co.,  Liverpool. 

1  Streeter,  Theodore  Edward, 

P.O.  Box  1415,  Winnipeg, 
Manitoba,  Canada. 

1  Strong,  Allan  Wilmot, 

Sun  Life  Assurance  Co.  of 
Canada,  Montreal,  Canada. 

1  Strong,  Gordon  Gilbert, 

Sun  Life  Assurance  Society, 
63  Thread  needle-street,  E.c. 

1  Strong,  William  Boughton, 

Prudential  Assurance  Company, 
Holborn-bars,  E.c. 

1  Stuart,  Arthur  William, 

National  Provident  Institution, 
48  Gracechurch-street,  E.c. 


STUDENTS. 


Those  marked  1,  2,  or  3  Aare  passed  one,  two,  or  three  of  the  four  Examinations  of  the  Institute. 
Those  marked  (1)  have  been  exempted  under  the  Bye-lavs  from  the  Examination  in  Part  I. 


Date  of 
becoming 
a  Student. 

1899     l  Stuckey,  Reginald  Robert, 

Australian  Mutual  Provident 
Society,  Adelaide,  S.  Australia. 

1904     1  Start,  Arthur  James, 

Pelican  and  British  Empire  Life 
Office,  70  Lombard-street,  E.C. 

1902  J  Sturt,  Herbert  Rothsay, 

Independent  Order  of  Foresters, 
24  Charing  Cross,  S.w. 

1903  1  Suddaby,  William  A.. 

Liverpool  Victoria  Legal 
Friendly  Society,  IS  .SY.  Andrew- 
street,  E.C. 

1902     :  Sudell,  Alfred  Henry, 

Prudential  Assurance  Company, 
Holborn-lars,  E.C. 

1904  J  Tamkin,  Walter  Ellis, 

Prudential  Assurance  Company, 
Holbom-bars,  E.c. 

1895     l  Thistletbwaite,  William, 

4  Warren-terrace,  Wakefield. 

1904     l  Thompson,  William  George, 

Commercial  Union  Assurance  Co., 
24,25  Jc  26  Comhill,  e.c. 

1900  1  Thomson,  Frederick  Robert  T., 

Kent-house,  Church-end,  Finch- 
ley,  >\ 

1902     l  Thwaites,  Frederick  George, 

Norwich  Union  Life  Insurance 
Society,  Norwich. 

1897     x  Tipping,  Oswald, 

Trustees' ', Executors' ',  and  Agency 
Co.,  Limited,  412  Collins-street, 
Melbourne,  Australia. 

1901  •  Todhunter,  Joseph, 

Prudential  Assurance  Company, 
Holbom-bars,  e.c. 

1902  l  Tupe,  Maurice  William, 

National  Mutual  Life  Assurance 
Society,  39  King-street,  Cheap- 
side,  E.C. 

1897     '  Touzel,  Philip  Duncan, 

Australian  Mutual  Provident 
Society,  Melbourne,  Australia. 


Date  of 
becoming 
a  Student. 

1903 


1  Townley,  Ebenezer  William, 

National  Mutual  Life  Assurance 
Society,  39  King-st.,  Cheapside, 
E.C. 


1897     1  Townshend,  Edward  Villiers, 

Scottish  Widows'  Fund  and  Life 
Assurance  Society,  28  Baldwin- 
street,  Bristol. 

1901  *  Tregaskis,  George, 

Sun  Insur.  Office,  40  Chancery- 
lane,  vr.c. 

1902  >  Tully,  Arthur  Patrick  Thomas, 

85  Park-lane,  Croydon. 

1891       Tyler,  Edgar  Alfred,  F.S.S., 

9  Old  Jewry -chambers,  Bank, 
E.C. 

1904     J  Underwood,  Reginald, 

Guardian  Assurance  Company, 
11  Lombard-street ,  E.C. 

1904     '  Wansbrough,     Thomas     Percival 
(Reinstated), 
English  and  Scottish  Law  Life 
Assurance  Association,  17  Queen 
Victoria-street,  E.C. 

1904     l  Warnock-Fielden,  Francis  Hugh, 
Prudential  Assurance  Company, 
Holbom-bars,  e.c. 

1904     *  Warren,  Cyril  Ferdinand, 

Prudential  Assurance  Company, 
Holbom-bars,  E.c. 

1903  '  Watson,  Alexander  R.  D., 

Devonport,  Auckland,  New 
Zealand. 

1900     2  Watt,  Arthur  W., 

Sun  Life  Assur.  Co.  of  Canada, 
Montreal,  Canada. 

1898     1  Webb,  Lloyd, 

Hand- in-Hand  Insurance  Soc, 
26  New-bridge-street,  E.c. 

1902     l  Wellisch,  Frederick, 

Australian  Mutual  Provident 
Society,  Sydney,  Australia. 

1893     l  Welman,  Arthur  Joseph, 

Legal  $  General  Life  Assurance 
Soc,  15  Tithebarn-st., Liverpool. 


STUDENTS. 

Those  marked  1,  2,  or  3  Twire  jxwserf  one,  two,  or  three  of  the  four  Examinations  of  the  Institute 
Those  marked  (1)  have  been  exempted  under  the  Bye-laws  from  the  Examination  in  Tart  I. 


Date  of 
becoming 
a  Student. 

1904     '  Wenn,  Albert  Edward 

Prudential  Assurance  Company, 

Holbom-bars,  E.c. 

1902  >  White,  Wilfred  Clare, 

Manufacturers'  Life  Insurance 
Co.,  Toronto,  Canada. 

1886     J  Williams,  David, 

181  Queen  Victoria-street,  E.C. 

1895     '  Williams,  Henry  Samuel  Walter, 
North    British    and   Mercantile 
Insurance    Co.,    Dunedin,    New 
Zealand. 

1900  W  Williams,  Lewis,  B.A., 

Hand-in- Hand  Insurance  Soc, 
26  New  Bridge-street,  E.c. 

1901  2  Wilton,  Herbert  George, 

Norwich  Union  Life  Insurance 
Society,  Norwich. 

189-4     »  Wiudett,  Sydney  V., 

JEagle  Insurance  Company,  79 
Pall-mall,  S.W. 

1899     l  Winstanley,  Charles  William, 

North  British  Sr  Mercantile 
Insurance  Co.,  61  Threadneedle- 
street,  E.c. 

1903  2  Wolf  enden,  Edgar  Sydney, 

Australian  Mutual  Provident 
Society,  Sydney,  Australia. 

1895     l  Wood,  David  James, 

Commercial  Union  Assurance 
Co.,  24,  25  Sf  26  Comhill,  e.c. 


Bate  of 
becoming 
a  Student. 

1901 


1  Wood,  Roland  Stuart, 
Liverpool   <f"   London    fy    Globe 
Insurance  Co.,  7  Comhill,  E.C 


1902  >  Woodhouse,  David  Alfred, 

Refuge  Assurance   Co.,  Oxford- 
street,  Manchester. 

1896  L  Woodhouse,  Hubert  Allen, 

Union    Assurance     Society,    81 
Comhill,  e.c. 

1900     >  Woolston,  Paul  Livingston,  B.S., 
Hartford    Life    Insurance    Co., 
Hartford,  Conn.,  U.S.A. 

1894     >  Wyatt,  George  Matthew, 

Law  Guarantee  Sr  Trust  Society, 
49  Chancery-lane,  w.c 

1894  '  Wylie,  Samuel  Brown,  A.M., 

112  N.  Broad-st.,  Philadelphia, 
U.S.A. 

1886       Yeatman,  Alexander  Alfred, 
2  Coleman-street ,  e.c 

1895  '  Yeldham,  William  James, 

Prudential  Assurance  Company, 
Holbom-bars,  E.c 

1903  >  Young,  Henry  J., 

Prudential  Assurance  Company, 
Holbom-bars,  E.C 

1897  1  Younger,  R.  Hugh, 

Beech     Lea,     Springfield-road, 
A Itrincham,  Cheshire. 

1904  '  Zumstein,  Herbert  Christian, 

Australian     Mutual     Provident 
Society,  Melbourne,  Australia. 


I*  It  is  requested  that  any  inaccuracy  in  the  foregoing  list  may  be  pointed 
out  to  the  Assistant  Secketaey. 


CORRESPONDING    MEMBERS. 


Belgium. 
BRUSSELS. 

M.  George  H.  Adan, 

Directeur- General  de  la  Roy  ale  Beige 
Compagnie  Anonyme  d" Assurances  a 
Forfait  sur  la  vie  et  contre  les  Acci- 
dents, Hue  Royale  (Coin  Impasse  du 
Pare). 
M.  AM.  Begault,  Jlein.  Act.  Soc.  Amer., 
Son.  Secretary  of  the  Association 
des  Actuaires  Beiges.  Membre  corre- 
spondant de  I'Institut  des  Actuaires 
Francais,  72  Rue  du  Lac. 

M.  Leon  Duboisdenghien, 

Directeur  a  la  Caisse  Generate 
d'Epargne  et  de  Retraite,  Rue 
Gerard,  96. 

II.  Leon  Hainoir, 

Directeur- General  de  la  C**-  des  Pro- 
prietaires  Reunis,  16  Rue  de  Loxum. 

If.  PL  Hankar, 

First  Director  of  the  Caisse  Generate 
d'Epargne  et  de  Ret rait e,  51  Chaussce 
d'BZaecht. 

M.  Omer  Lepreux,  Mem.  Act.  Soc.  Amer., 
Directeur  -  General  de  la  Caisse 
Generate  d'Epargne  et  de  Retraite  de 
Belgique.  President  du  Comite  Per- 
manent des  Congres  Internationaux 
d' Actuaires.  President  de  I'Asso- 
ciation  des  Actuaires  Beiges.  Membre 
Correspondant  de  I'Institut  des  Actu- 
aires Francais.  Membre  de  la  Com- 
mission Permanente  des  Societe's 
Mutual istes  et  de  la  Commission 
Ceatrale  de  Statist  ique.  Membre 
de  la  Commission  des  Accidents  du 
Travail.  Ancien  Capitaine  du  Genie 
Charge  de  Cours  a  I'Ecole  Militaire; 
48  Rue  du  Fosse-aux-Lov.ps. 

Denmark. 
COPENHAGEN. 

Prof.  Thorvald  Nicolai Thiele,  Dr.  Phil., 
Astronomical  Observatory. 

France. 
PARIS. 
M.  Paul  Guieysse,  Mem.  Act.  Soc.  Amer., 
President  de  I'Institut  des  Actuaires 
Francais;     Depute     du     Morbihan  ; 
2  Rue  Dante. 


M.  Hermann  Laurent,  Dr.  Sc, 

Vice-President  and  Membre  agrege 
del'  Inst  itut  des  Actuaires  Francais , 
11  Rue  du  Yal  de  Grace. 
M.  Leon  Marie,  Mem.  Act.  Soc,  Amer., 
Sub-Manager,  Le  Phenix  Compagnie 
d' Assurances    sur    la     vie;    Membre 
Correspondant   de    V Association   des 
Actuaires  Beiges;   Membre  Agrege  de 
I'Institut  des  Actuaires  Francais;  28 
Rue  de  Chdteaudun  IXe. 

M.  Albert  Quiquet, 

Actuary,  La  Xationale  Compagnie 
d' Assurances  sur  la  vie;  Secretaire 
de  I'Institut  des  Act  wires  Francais  ; 
17  Rue  Laffitte  IX  . 

M.  Alfred  Thomereau, 
8  Rue  le  Peletier. 


Germany. 
BERLIN. 
Dr.  Grosse, 

Hohenstanfenstrasse,  36,  TV.,  30. 

GOTHA. 

Dr.  Johannes  Karup, 

Actuary  of  the    Gotha   Life    Office. 
M.  Karl  Sarnwer,  Dr.  Jur., 

Manager  of  the  Gotha  Life  Assur- 
ance Company,  Ohrdri'ferstrasse,4. 

Holland. 
AMSTERDAM. 

M.  Corneille  Louis  Laudre, 

Actuary  of  the  " Algemeene  Maat- 
schappij  van  Levensverzekering  en 
Lijf rente",  Damrak,  ~i\;  Actuary 
of  the  " Nederlandsch  WerJdieden- 
fonds",  the  Hague;  Vice-Presi- 
dent ■  of  the  Dutch  Actuarial 
Society;  Mitglied  des  Deutsche*! 
Vereins  fur  Versicherungs-  TVissen- 
schaft ;  Membre  Correspondant  de 
V 'Association  des  Actuaires  Beiges ; 
Membre  Correspondant  de  I'Institut 
des  Actuaires  Francais;  Membre 
du.  Conseil  de  direction  du  Comite' 
Permanent  des  Congres  Inter- 
nationaux d' Actuaires ;  Van  Bree- 
straat,  185. 

C 


BUDAPEST. 


Hungary. 


M.  Julius  Altenlnirger, 

Manager  and  Actuary  of  the 
Farmer's  Insurance  Association, 
viii.  Raross-utca,  10. 

Italy. 
FLORENCE. 
M.  Guido  Toja, 

Actuary  of  "La  Fondiaria"  Life 
Assurance  Company. 

Russia. 

ST.  PETERSBURG. 

M.  Serge  de  Savitcli, 

Member  of  the  Assurance  Committee 
of  the  Ministry  of  the  Interior, 
Nikolaewskaia,  35. 

Spain. 
MADRID. 

Dr.  Jose  Maluquer  y  Salvador, 

Insurance  Counsellor  (Ex-Actuary 
at  the  Some  Office),  Membre  de 
I'Institut  des  Reformes  Sociales, 
calle  de  Campomanes,  10. 


Sweden. 

STOCKHOLM. 

M.  Anders  Lindstedt,  Dr.  Phil., 

Professor  of  Mathematics,  and 
Director  of  the  Polytechnic-urn ; 
Counsellor  of  the  Regency  for  In- 
surance Questions ;  Member  of  the 
Royal  Swedish  Academy  of  Science, 
etc. 


Switzerland. 


ZURICH. 


Herr  Dr.  Gottfried  Schaertlin, 

Lirektor  der  Schweizerischen  Lebens- 
versicherungs-tind  Rentenanstalt. 


United  States. 

NEW  YORK. 

Mr.  David  Parks  Fackler, 

Ex-President  of  the  Actuarial  Society 
of  America  (1891-93);  Consulting 
Actuary,  35  Nassau-street. 


RULES 

FOE  THE 

REGULATION   OF   THE   LIBRARY. 


1.  The  Library  is  open  daily,  from  Ten  to  Five,  from  1st  of 
May  to  30th  September,  and  from  Ten  to  Six  from  1st  of  October 
to  30th  April,  except  on  Saturdays,  when  it  is  open  from  Ten 
to   Two. 

2.  Members  of  the  Institute  are  permitted  to  take  out  Two 
Books  on  making  application  in  person,  or  by  letter  addressed  to 
the  Assistant  Secretary ;  but  no  Member  may  keep  any  work 
longer  than  a  Fortnight.  If  a  Book  be  retained  beyond  that 
period,  the  borrower  shall  pay  a  fine  of  One  Shilling  per  volume 
for  each  week,  or  part  of  a  week,  during  which  it  is  so  retained, 
and  shall  not  be  permitted  to  obtain  another  from  the  Librarv 
until  the  missing  book  has  been  returned  and  the  fine  paid.  When 
a  Book  is  returned  by  a  Member,  it  can  be  borrowed  by  him 
again,  provided  it  has  not  been  bespoken  in  the  meantime  by 
another  Member. 

3.  Scientific  Journals  and  Periodicals  are  not  circulated  until 
the  volumes  are  completed  and  bound. 

4.  Cyclopaedias  and  works  of  reference  and  certain  other 
volumes  are  not  circulated. 

5.  Any  Member  damaging,  or  losing,  a  work  must  pav  an 
amount  to  be  fixed  by  the  Council  as  the  ecpuivalent  of  the  damage 
or  loss  sustained. 

6.  "Works  taken  from  the  shelves  for  reference  are  not  to  be 
replaced,  but  must  be  laid  on  the  Library  table. 

7.  A  list  of  defaulters  shall  be  submitted  monthly  at  each 
meeting  of  the  Council. 

By  Order  of  the  Council. 
November,  1899. 
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On  Staff  Pension  Funds.  By  George  Kino,  F.I. A.,  F.F.A., 
one  of  the  Vice-Presidents  of  the  Institute  of  Actuaries ; 
Consulting  Actuary. 

[Read  before  the  Institute,  30  January  1905.] 

Introductory. 

i.  J.  HE  present  effort  does  not  profess  to  be  complete.  It  deals 
with  the  main  problems  that  come  before  the  Consulting  Actuary 
in  connection  with  Staff  Pension  Funds,  but  does  not  go  into  the 
details  of  what  may  be  called  the  fancy  benefits  which  are 
occasionally  met  with.  The  solutions  of  the  general  problems 
here  given  will,  however,  indicate  the  methods  to  be  applied  in 
attacking  other,  and  sometimes  more  complex,  questions,  which, 
when  the  principles  have  been  grasped,  will  not  present  serious 
difficulty. 

2.  At  the  outset,  I  should  like  to  place  on  record  the 
obligation  I  am  under  to  our  esteemed  friend,  Mr.  Ralph 
Price  Hardy.  To  him  belongs  the  entire  credit  of  raising, 
from  the  empirical  to  the  scientific,  the  methods  of  dealing 
with  these  Funds.  Some  thirty  years  ago,  he  conceived  the 
ideas,  and  elaborated  the  processes,  by  which  the  rates  of 
contribution  may  be  determined,  and  the  valuations  made,  with 
something  approaching  to  precision.  His  methods,  in  the 
course  of  years,  may  have  been  extended,  and  perhaps  even 
improved  upon.  For  instance,  we  are  indebted  to  Mr.  Henry 
William  Manly  for  the  plan,  used  throughout  this  paper,  of 
involving  the  scale  salaries  in  the  denominators;  a  plan  which 
marked  a  very  great  advance.  Nevertheless,  the  development 
of  the  main  principles  is  due  entirely  to  Mr.  Hardy.  He  was 
the  pioneer,  and  we  have  followed  in  his  footsteps. 
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3.  It  may  perhaps  be  thought  presumptuous  that  I  should 
attempt  this  apparently  intricate  enquiry  after  the  great  achieve- 
ments of  Mr.  Manly  {J.I. A.,  xxxvi,  209,  and  xxxvii,  193)  ;  but 
even  he  has  not  said  the  last  word  on  the  subject;  and  I  venture 
to  hope  that  what  follows  will  be  found  useful  to  students,  and 
to  the  practising  actuary.  The  methods  explained  are  many  of 
them  new,  and  differ,  in  some  respects  materially,  from  any 
previously  published ;  and  are  often  perhaps  simpler,  and 
occasionally  more  effective.  The  notation  I  have  been  accustomed 
to  employ  is  very  similar  to  that  of  Mr.  Manly,  and  anyone 
acquainted  with  his  will  readily  read  mine.  I  therefore  adhere 
to  my  own,  and,  in  doing  so,  secure  the  advantage  of  distinguishing 
his  functions  from  mine.  These  functions  are  similar  in  their 
nature,  and  are  used  for  similar  purposes,  but  they  are  not 
identical. 

4.  The  Staff  Pension  Funds,  which  it  is  proposed  at  present 
to  investigate,  are  those  which,  in  consideration  of  periodical 
contributions  calculated  as  a  percentage  of  salary,  promise  retiring 
allowances  to  the  employees  of  great  industrial  undertakings, 
these  allowances  being  likewise  calculated  as  a  percentage,  in 
some  form,  of  salary;  and  which  also  provide  for  a  return  of 
contributions  under  vai-ious  circumstances.  It  is  assumed  that 
membership  is  compulsory  on  all  employees,  or  on  certain  classes 
of  employees,  and  that  none  others  are  admitted :  also  that, 
should  a  member  leave  the  service,  his  membership  thereupon 
necessarily  ceases.  Were  a  voluntary  element  to  be  introduced,  it 
would  be  requisite  to  resort  to  other  methods. 

5.  To  illustrate  this  paper  we  shall  assume  a  typical  Fund, 
supported  by  Contributions  of  5  per-cent  on  the  salaries,  half 
payable  by  the  members,  and  half  by  the  company.  These  we 
shall  call  Ordinary  Contributions.  There  will  also  be  Extra 
Contributions,  payable  by  members  who  enter  above  a  certain 
age  limit,  these  extras  increasing  with  the  age  at  entry.  The 
Fund  will  be  assumed  to  provide  retiring  pensions  calculated  in 
various  ways  according  to  salary,  and  to  make  certain  returns  of 
contributions,  on  withdrawal,  or  death,  before  retirement  on 
pension. 

Section  I. 

Statistics  of  the  Fund. 

6.  The  initial  step  is,  to  collect  the  data  necessary,  first,  for 
investigating  the  experience  of  the  Fund,  and,  second,  for  making 
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the  valuation.  It  is  desirable  to  obtain  statistics  for  as  long  a 
period  as  possible,  ten  years  preferably,  but,  in  the  case  of  a  large 
Fund,  five  years  might  be  sufficient.  The  information  may  best 
be  supplied  on  cards.  Formerly  schedules  were  employed,  but 
they  are  cumbrous  and  not  so  satisfactory.  With  schedules,  exact 
dates  cannot  so  easily  be  dealt  with,  and  the  ages  therefore  cannot 
be  stated  so  conveniently.  The  following  is  a  form  of  card  which, 
with  modifications  to  meet  special  circumstances,  has  been  found 
to  work  very  well  in  practice.  On  the  back  of  the  card  the 
columns  are  continued,  for  use  in  future  valuations. 


ACTIVE     LIST.        Xo 

Name 

Date  of  Birth            •     • /Extra  Con-) 

(tribution7oJ 

,,     entry                  • • Age  at  entry 

,,     exit .• •. Aere  at  exit... 

Mode  of  exit         

J  Amount  paid")  n 

(      on  exit    ...)& 

ONTR1BUTIONS. 

C 

Tear. 

H  '..'    .  -  _ 

Extra,  if  any. 

Age. 

Past  Payments. 

i 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1901 

Total 

' 

K    2 
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7.  The  register  number  and  the  name  of  the  member  are 
given  for  purposes  of  identification,  and  so  that  enquiries  may  be 
answered  should  mistakes  be  discovered,  or  doubtful  points  arise. 
It  will  be  seen  from  the  specimen  card  that  a  period  of  ten  years 
is  assumed  to  be  covered  by  the  investigation,  and  that  the 
valuation  is  to  be  made  as  on  31  December  1904.  The  form  of 
card  speaks  for  itself.  A  card  must  be  written  for  each  employee 
who  was  on  the  active  list  at  any  time  during  the  period ;  and 
the  officials  of  the  Fund  will  fill  in  all  the  particulars  asked  for, 
except  the  ages,  which  are  to  be  left  to  the  actuary  to  enter. 

8.  The  space  for  Past  Payments  applies  only  to  members  who 
were  on  the  active  list  at  the  commencement  of  the  period,  and  in 
it  the  officials  will  insert  the  total  payments  made  by  members 
from  the  date  of  their  entry  to  31  December  1894.  The  Total 
at  the  foot  of  the  card  applies  only  to  members  on  the  active  list 
on  the  valuation  date,  and  must  include  the  Past  Payments  at 
the  top  of  the  columns.  This  information  is  required  for  valuing 
the  returns  of  contribution.  The  actual  amount  of  salary  is  not 
asked  for,  because  that  can  be  at  once  ascertained  by  multiplying 
by  40  the  Member's  Contributions  at  2h  per-cent.  One  small 
practical  point  should  be  mentioned.  For  the  year  of  entry  and 
the  year  of  exit  the  member  in  the  majority  of  cases  pays 
contributions  for  only  part  of  the  year.  The  fractional 
contributions  should  be  written  in  in  red  ink,  to  distinguish 
them  from  the  others,  because  multiplication  by  40  does  not 
give  the  rate  of  salary.  Special  enquiry  should  be  made  as  to 
the  rate  of  salary  of  each  member  on  the  active  list  on  the 
valuation  date  who  entered  in  the  last  year  of  the  period,  because 
this  information  is  required  for  the  purposes  of  the  valuation,  and 
is  not  supplied  by  the  cards. 

9.  In  determining  the  ages,  it  has  been  found  most  convenient 
to  take  for  Age  at  Entry  the  age  nearest  birthday  at  the  date  of 
entry.  This  will  be  written  in  all  cases  in  the  space  prepared  for 
it  at  the  top  of  the  card.  In  the  case  of  the  members  on  the 
active  list  at  the  beginning  of  the  period,  the  then  age  nearest 
birthday  should  be  taken,  and  entered  in  the  space  above  the 
heavy  line  in  the  column  headed  Age.  Similarly,  for  members 
on  the  active  list  at  the  end  of  the  period,  the  then  age  nearest 
birthday  should  be  entered  in  the  column  headed  Age,  on  the 
line  marked  Total  at  the  bottom  of  the  card. 

10.  For  the  ages  at  exit  a  different  course  must  be  followed. 
Exit  may  take  place  by  Withdrawal,  Death,  or  Retirement.     For 
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the  purpose  of  constructing  an  ordinary  mortality  table,  we  should 
adopt  some  formula  whieh  would  give  effect  to  the  fact  that 
members  withdrawing  or  retiring  are,  so  far  as  the  Fund  is 
concerned,  at  the  risk  of  death  for  only  a  portion  of  the  year  of 
exit ;  but  that  would  not  suit  the  circumstances  of  a  Staff 
Pension  Fund.  Here,  in  order  to  estimate  the  value  of  returns 
of  contributions  on  death,  we  must  have,  not  the  ordinary  rate 
of  mortality,  but  the  probability  of  dying  in  a  year  while  on  the 
active  list;  that  is,  the  ratio  between  the  number  dying  in  a  year, 
and  the  number  entering  on  that  year.  In  getting  out  the  rate 
of  mortality  we  must,  therefore,  treat  the  withdrawals  and 
retirements  as  at  risk  for  the  whole  year.  Similarly,  to  obtain 
the  rate  of  withdrawal,  we  must  treat  deaths  and  retirements  as 
at  risk  for  the  whole  year,  and,  to  obtain  the  rate  of  retirement, 
we  must  treat  deaths  and  withdrawals  as  at  risk  for  the  whole 
year.  Thus,  all  these  three  functions  have  a  common  denominator, 
which  is  very  convenient. 

11.  To  obtain  the  Aye  at  Exit,  in  the  case  of  members  who 
were  on  the  active  list  at  the  beginning  of  the  period,  we  add  to 
the  then  age  the  subsecpuent  curtate  duration  ;  and,  in  the  case 
of  members  who  entered  during  the  period  covered  by  the 
observations,  we  add  to  the  age  at  entry  the  curtate  duration 
since  entry.  The  Age  at  Exit  so  found  is  to  be  entered  in  the 
space  provided  for  the  purpose. 

12.  The  cards,  so  completed,  are  now  ready  for  the  extraction 
of  the  experience.  They  must  be  sorted,  counted,  and  scheduled, 
in  the  usual  way.  As  an  example,  Table  1  is  given  on  page  185. 
It  exhibits  the  statistics  of  a  Fund  recently  valued. 

13.  From  the  statistics,  so  tabulated,  we  must  now  ascertain 
the  rates  of  withdrawal,  mortality,  and  retirement.  The  statistical 
table,  besides  the  columns  of  age,  Cols.  1  and  8,  contains  six 
columns,  namely, 

Col.  2.  Survivors  on  the  active  list,  brought  under 
observation  from  antecedent  entrants.  These  may 
be  represented  by  the  symbol  bx.  The  more  usual 
symbol  is  sx ;  but,  in  connection  with  Pension  Funds, 
sx  is  appropriated  to  represent  the  Scale  Salary. 

Col.  3.     New  entrants  during  the  period,  written  nx. 

Col.  4.     Withdrawals  during  the  period,  written  wx. 

Col.  5.     Deaths  during  the  period,  written  dx. 
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Col.  6.     Retirements    011    pension    during    the     period, 
written  rx. 

Col.  7.     Existing  on  the  active  list  at  the  close  of  the 
period,  written  ex . 

14.  From  the  Statistical  Table,  the  function  Exposed  to  Risk, 
or  At  Risk,  as  it  may  be  called  for  brevity,  is  at  once  derived. 
If  Ej,.  represent  that  function,  we  have  the  formula 

E*  =  E*_  i  +  [bx  +  nx)  —  (»,_!  +  dx_ ,  4-  rx_  x  +  ex), 
and  for 

The  rate  of  withdrawal,  </'£=  ^-  . 

j 
The  rate  of  mortality,   q'lx=  =pr  • 

Btx 

V  ■ 

The  rate  of  retirement,  a  '"=  =-  . 
1        E* 

15.  The  rates  so  derived  require  to  be  graduated,  and  formerly 
I  employed  a  graphic  process.  More  recently,  however,  I  have 
resorted  to  Woolhouse's  graduation  formula,  which  can  be  so 
easily  applied  by  the  summation  method  of  the  late  J.  A.  Higham, 
J. LA.,  xxxi,  323.  This,  when  used  with  discretion,  gives  results 
which  are  eminently  satisfactory. 

16.  The  various  ratios,  derived  from  Table  1,  are  given,  after 
graduation,  in  Table  2,  page  186. 

17.  The  pensioners'  list  must  be  treated  quite  independently 
of  the  active  list.  Separate  cards  must  be  written  for  pensioners ; 
but  the  form  is  so  simple,  that  a  specimen  is  not  necessary.  For 
those  who  were  pensioners  at  the  beginning  of  the  period,  the 
then  age  nearest  birthday  should  be  taken ;  and,  for  those  who 
remain  pensioners  at  the  close,  the  then  age  nearest  birthday. 
For  those  who  became  pensioners  during  the  period,  we  insert  the 
age  nearest  birthday  at  the  date  of  retirement  on  pension ;  while 
we  obtain  the  age  at  death  by  adding  the  curtate  duration,  in 
exactly  the  same  way  as  in  the  case  of  deaths  on  the  active  list. 
There  are  usually  very  few  commutations  of  pension ;  but,  should 
there  be  any,  we  must  take,  for  the  age  at  exit,  the  age  nearest 
birthday  at  the  date  of  commutation.  Symbolizing  the 
commutations  by  ivx,  we  have  for  the  number  at  risk, 

E.,,.  =  Ex_!  +  {bx  +  nx)  —  (dx_!  +  ivx  +  ex) . 
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18.  In  Table  2  the  graduated  rate  of  mortality  among 
pensioners  is  included.  It  will  be  noticed  that;  from  the*  earliest 
pensioning  age  down  to  age  50,  the  rate  is  uniform  at  9  per-cent. 
This  is  in  accordance  with  the  actual  experience,  extending  over 
20  years,  of  the  Fund  used  for  illustration.  Early  pensions  are 
taken  only  as  a  matter  of  necessity,  when  members  are  seriously 
failing  in  health,  and  the  rate  of  mortality  is  very  heavy.  But 
there  are  curious  discrepancies  between  different  Funds  in  this 
respect.  Another  large  Fund  which,  from  the  nature  of  the 
employment  of  its  members,  might  have  been  expected  to  be  very 
similar  to  our  example,  gave,  at  each  of  two  investigations, 
extending  altogether  over  the  long  term  of  20  years,  a  rate  of 
mortality  for  early  pensioners  of  only  about  Q\  per-cent.  No 
doubt,  in  the  second  case,  retirement  on  pension  was  permitted 
more  freely  than  in  the  first;  but  the  fact  emphasises  the 
necessity  of  exercising  the  strictest  caution  in  dealing  with  Staff 
Pension  Funds.  The  statistics  of  one  Fund  cannot  safely  be  used 
for  another;  and  therefore,  notwithstanding  the  excellent  work 
done  in  this  connection  by  Mr.  Manly,  I  deprecate  the  publication 
of  standard  Pension  Fund  tables ;  and  especially  of  voluminous 
monetary  tables  based  upon  them,  such  as  those  given  to  us  by 
him.  They  are  very  apt  to  be  misleading,  unless  indeed  they  are 
used  with  the  most  extreme  discretion,  and  modified  freely  after 
collation  with  the  actual  experience  of  the  Fund  to  be  valued. 
It  is  better  far,  in  the  case  of  each  Fund,  to  go  to  the 
comparatively  small  trouble  of  preparing  special  monetary 
tables  suited  to  its  own  circumstances.  Mr.  Manly  himself 
(J.I. A.,  xxxvi,  258;  has  uttered  a  most  emphatic  word  of  warning, 
which  should  not  be  overlooked. 

19.  The  statistical  tables  for  the  active  list  and  fur  the 
pensioners'  list,  respectively,  are  of  course  closely  related,  because 
the  retirements  from  the  one  are  the  new  entrants  in  the  other. 
Nevertheless,  the  recorded  ages  are  not  identical.  They  are 
arrived  at  in  different  ways  for  the  two  lists,  because  they  are 
required  for  different  purposes. 

20.  In  connection  with  Pension  Funds,  the  question  of  the 
scale  of  salaries  to  be  adopted  is  very  important,  and  is  perhaps 
more  difficult  than  any  other  that  comes  before  us.  It  is  easy  to 
take  out  the  present  average  salaries  from  the  experience  of  the 
Fund  itself,  but  these  are  only  an  uncertain  indication  which  may 
have  to  be  departed  from  widely.  When  a  railway  company,  for 
instance,   is  rapidly   extending,    and  when  the   members  of  the 
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Stati"  Pension  Fund  arc  consequently  rapidly  increasing  in  number, 
the  increase  takes  place  among  members  at  comparatively  small 
salaries,  of  whom  the  great  majority  will  never  reach  the  highly  paid 
ranks.  The  number  of  General  Managers,  Chief  Engineers,  &c, 
will  not  increase,  and,  with  the  lapse  of  time,  the  tendency  is  for 
the  average  salaries  at  the  older  ages  to  fall,  although  every 
individual  salary  may  increase.  The  principal  officials  are  not  the 
youngest  men,  and  there  are  always  coming  up  among  them  an 
ever-increasing  number  of  officials  at  smaller  salaries,  so  that  the 
larger  salaries  cease  to  have  so  marked  an  effect  on  the  average. 
In  Funds  that  have  passed  through  my  hands,  the  salary 
experience  down  to  about  age  40  has  remained  fairly  uniform 
from  valuation  to  valuation  ;  but  at  older  ages  there  is  a  decided 
tendency  in  the  average  to  fall.  Effect  may  properly  be  given  to 
this  feature  in  determining  on  a  scale  of  salaries  for  the  valuation, 
but,  obviously,  the  greatest  caution  must  be  exercised.  To  adopt 
a  scale  in  which  the  salaries  increase  too  slowly  with  age,  would 
lead  to  an  underestimate  of  the  liabilities.  In  Table  2  a  scale  of 
salaries  is  inserted  for  purposes  of  illustration.  It  is  taken  from 
a  Fund  recently  investigated,  but  it  must  not  be  considered  to  be 
applicable  elsewhere. 

21.  From  the  ratios  in  Table  2,  the  Service  Table,  given  in 
Table  3,  page  187,  is  prepared.  It  is  analagous  to  the  ordinary 
mortality  table,  but  has  three  columns  of  decrement,  instead  of 
only  one.  Also,  it  is  more  limited  in  extent.  With  the  majority 
of  Funds,  it  comes  to  a  natural  termination  at  some  age  between 
65  and  70,  because  very  fewr  remain  on  the  active  list  at  more 
advanced  ages. 

Section  II. 

Particulars  fur  the  Valuation. 

22.  Having  prepared  the  Service  Table,  the  next  step  is  to 
schedule  the  particulars  for  the  valuation.  As  will  be  seen  later 
on,  it  is  generally  desirable,  and  in  many  cases  necessary,  if  real 
accuracy  is  to  be  secured,  to  group  the  facts  by  age  at  entry  as 
well  as  by  age  attained  ;  and,  in  any  case,  there  is  but  little 
more  trouble  in  summarizing  the  data  by  two  stages  instead  of 
by  only  one.  This  is  the  course  which  we  proceed  to  illustrate. 
On  page  189  is  given  a  suitable  form  of  preliminary  schedule, 
which  we  shall  call  Schedule  I. 

23.  The  cards  relating  to  members  on  the  active  list  on  the 
valuation  date  are  first  sorted  into  groups  according  to  the  age 
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at  entry,  and  again  into  sab-groups  according  to  age  attained  ; 
and  the  cards  in  the  sub-groups  are  lastly  sorted  into  numerical 
order,  so  that  any  particular  card  may  be  easily  found  it'  required. 
The  particulars  on  the  cards  are  then  entered  in  Schedule  I. 
Between  the  sub-groups,  sufficient  space  must  be  left  for  the 
easting  of  the  columns,  and  for  certain  further  particulars,  as  will 
be  seen  presently. 

24.  The  amounts  of  Fast  Contributions  to  be  entered  in 
columns  3  and  4,  are  those  which  appear  at  the  foot  of  the  cards. 
As  regards  column  5,  2i  per-ceut  of  Salary,  that  also  is  given  at 
the  foot  of  the  cards,  except  in  the  case  of  members  who  entered 
during  the  last  year  of  the  period.  For  them  we  must  take 
2.1  per-cent  of  the  salaries  ascertained  by  enquiry,  as  explained 
in  paragraph  8.  Similarly  for  the  extra  contributions;  and  in 
order  to  arrive  at  the  amount  of  these  in  the  case  of  new 
members,  we  insert  the  percentage  of  the  extra  contributions 
which  they  pay.     This  is  given  at  the  top  of  the  cards. 

25.  When  all  the  cards  have  been  scheduled,  the  columns  are 
cast,  and  the  totals  entered  in  red  ink  to  make  them  stand  out 
distinct  from  the  other  figures. 

26.  The  sum  of  the  contributions  in  column  5  for  each  age 
attained,  is  2\  per-cent  of  the  aggregate  salaries  which  were 
drawn  by  the  members  in  each  group  in  the  year  immediately 
preceding  the  valuation ;  but,  for  valuation  purposes,  we  require 
the  salaries  which,  it  is  assumed,  will  be  drawn  in  the  year 
immediately  following  the  valuation.     We  must  therefore  multiply 

the  total  at  age  attained,  as.  bv  the  ratio    — —  .     The  result  mav 

be  called  the  Adjusted  2  A  per-cent  of  Salary.  Similarly  for  the 
extra  contributions  in  column  7.  These  adjusted  amounts  are 
entered  in  the  space  reserved  in  the  respective  columns  at  the 
foot  of  the  groups  for  each  age  attained.  The  preliminary 
schedule  is  now  complete. 

27.  For  valuing  prospective  pensions,  we  usually  require  to 
know  only  the  Adjusted  1\  per-cent  of  Salary  for  each  age 
attained  under  each  age  at  entry,  and  we  therefore  transfer  the 
adjusted  totals  of  column  5  from  Schedule  I  to  Schedule  II,  of 
the  form  given  on  page  190.  In  Schedule  II  there  will  be  a  sheet 
for  each  age  at  entry,  and  on  each  sheet  a  line  for  each  age 
attained.  It  may  sometimes  be  necessary  to  include  in  Schedule  II 
columns  for  past  contributions  (see  paragraphs  162  and  165  to  182;. 

28.  To  value   future    contributions,   and,   generally    also,   to 
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value  the  various  returns  of  contributions,  we  require  the  data 
arranged  only  according  to  age  attained,  discarding  the  age  at 
entry.  We  must  therefore  summarize  Schedule  I  again,  by 
collecting  together  from  the  sheets  for  every  age  at  entry  the 
adjusted  totals  for  each  age  attained.  The  process  can  be  carried 
out  conveniently  by  means  of  Schedule  III,  an  intermediate 
schedule,  the  form  of  which  is  given  on  page  191.  In  Schedule  III 
there  will  be  a  sheet  for  each  age  attained,  and,  on  each  sheet, 
a  line  for  each  age  at  entry. 

29.  When  the  columns  of  Schedule  III  have  been  cast,  the 
totals  are  carried  into  the  Grand  Summary,  in  Schedule  IV,  of 
which  the  form  is  given  on  page  192.  Schedule  IV  will  consist 
of  one  sheet  only,  with  a  line  for  each  age  attained. 

Section  III. 
Future  Contributions. 

30.  Salaries  are  assumed  to  be  payable  uniformly  throughout 
the  year  of  age,  an  assumption  that  is  sufficiently  accurate  for 
practical  purposes.  Also,  sx  represents  the  salary  which,  one 
employee  taken  with  another,  each  will  receive  during  the  year  of 
age  x  to  x+1.  No  assumption  is  made  as  to  when  increments 
of  salary  take  place,  and  it  is  of  no  consequence  whether  they 
jeeur  at  the  beginning  of  the  year,  or  at  any  other  period  in  the 
year.  The  function  sx  has  been  formed  on  the  basis  of  the 
general  statistics  of  the  Fund,  in  which  are  involved  increments 
of  salary  accruing  at  all  points  of  the  year  of  age.  In  this 
respect  sx  is  like  the  function  jxx,  which  is  essentially  continuous, 
but  which,  for  convenience,  is  expressed  in  yearly  periods. 

31.  Salaries,  then,  being  payable  continuously  throughout  the 
year,  so  also  are  contributions ;  and  these  take  the  form  of 
continuous  increasing  annuities.  Mr.  Manly  has  assumed  that 
they  are  due  at  the  beginning,  but  payable  at  the  end,  of  the  year ; 
but  this  seems  to  me  to  introduce  complications  which  can  be 
easily  avoided. 

32.  Contributions  are  payable  by  all  on  the  active  list,  that 
is,  by  those  represented  by  the  lx  column  of  the  Service  Table. 
Now,  that  column  corresponds  to  the  lx  column  of  the  ordinary 
Mortality  Table,  and  differs  therefrom  in  that  it  is  subject  to 
decrement,  not  only  from  death,  but  also  from  other  causes. 
There  are  withdrawals  from  the  active  list,  and  there  are 
retirements  on  pension.     Mr.  Manly  throughout  his  papers  has 
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assumed  that  deaths,  withdrawals,  and  retirements,  all  take  place 
at  the  end  of  the  year  of  age  ;  but  here  again  1  venture  to  depart 
from  his  methods.  It  is  much  nearer  the  truth  to  assume  that 
all  these  causes  of  decrement  are  operative  throughout  the  year, 
and  that  deaths,  withdrawals,  and  retirements,  are  uniformly 
distributed  over  each  year  of  age. 

33.  For  a  denominator,  to  be  employed  in  some  of  the 
processes  of  the  valuation,  we  form  from  the  Service  Table  the 
function  ~Dx  =  vxlx;  but  this  is  not  in  itself  of  immediate  use 
in  finding  the  value  of  future  contributions.  Just  as  we  may, 
for  the  ordinary  continuous  annuity,  write 


so  we  may  find  the  value  of  the  special  increasing  continuous 
annuity  which  we  are  seeking,  by  preparing  from  the  Service 
Table  a  column  of  the  function  Dx+j.  This  we  can  do  by  writing 
Dj.+i  =  i(Dx  +  Da.+1) ;  and,  this  being  a  continuous  function,  we 
may,  by  analogy,  write  Dj;+i  =  Da. .     We  therefore  have 

5       D,  +  D,+1 


2 

34.  The    salary   for  the  year   immediately  following    age   x 
being  sx,  the  value  at  age  x  of  1  per-cent  of  such  salary  is 

v*x  100 


D,       ' 

Similarly,  the  value  at  age  x  of  1  per-cent  of  the  salary  to  be 
received  in  the  year  of  age  x  +  1  to  x  +  2}  is 

Vz+lX  100 

and  so  on.     If,  therefore,  we  form  for  each  age  the  function 

and  sum  it,  so  that 

»N*=*Dx+*D,+1+*ITx+a+&c., 

we  shall  have 

to  represent  the  value  of  1  per-cent  of  the  future  salaries  of  an 
employee  aged  x,  drawing  at  present  a  salary  of  s^-.    If,  therefore, 
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there  be  n  employees,  all  aged  x,  whose  aggregate  salaries  amount 
to  nsx,  do  matter  what  may  be  the  individual  salaries,  then  the 
value  of  1   per-cent  of  the  future  salaries  of  all  these  members 

will  be  n  x  -=—  . 

35.  Formulas  based  on  these  principles  were  formerly 
used  in  valuing  future  contributions,  and  they  give  accurate 
results  when  there  is  no  disturbing  element,  and  when  the 
salary  scale  correctly  represents,  at  all  ages,  the  average 
salaries  actually  being  drawn  by  the  staff,  and  likely  to  be 
drawn  in  the  future.  Such  would  be  the  case  if  the  Fund 
had  reached  a  stationary  state.  But  when  the  scale  salaries 
have  been  adjusted,  as  discussed  in  paragraph  20,  to  represent 
the  probable  future  average  salaries  of  a  growing  Fund, 
as  distinguished  from  present  average  salaries,  the  formula  is 
no  longer  applicable.  It  is  better  to  use  a  function  which 
will  give  the  value  of  1  per-cent  of  future  salaries,  commencing 
at  100,  and  increasing  according  to  scale.  We  have 
merely    to    divide    the    expression    already    found    by    *.,.,    and 

multiply  by  100;  or,  what  is  the  same  thing,  divide  by  ^T^k- 

The  denominator  of  the  expression  will  thus  become  Da.  x    ".'    , 

which  we  may  write  SDX;  and  writing  -rF;'.  for  the  factor  for 
valuing  future  contributions,  we  have 

l~*IV 

It  will  be  seen  that  to  construct  a  table  of  this  factor,  we  must 
prepare  tables  of  the  functions  *D.t,  *D.,,  and  *Nj> 

36.  Thus,  we  have  'F;'  as  the  value  of  1  per-cent  of  future 
salaries,  commencing  at  100,  and  increasing  according  to  scale. 
If  there  be  an  employee  aged  x}  with  present  salary  of  s,  the 
present  value  of  a  contribution  of  1  per-cent  of  his  future  salary 

will  be  Yru\  x   ^ .'  j    an(^    if  there  be   n  employees,  all   aged  x, 

with  aggregate  salaries  of  S,  the  present  value  of  a  contribution 

of  1  per-cent  of  all  their  future  salaries  will  be  y^.  x^Fj. 

37.  From  another  point  of  view,  because  1  per-cent  of  a 
salary  of  100  is  unity,  therefore  f¥£  is  the  value  of  an  annuity 
commencing  at  1,  and  increasing  according  to  the  rate  of  increase 
in  the  scale  salaries.     Now,  the  contributions  in  columns  5  and  6 
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formula  gives  results  as  accurate  as  are  attainable  in  the  present 
state  of  our  knowledge  and  experience. 

38.  As  to  the  notation,  the  generic  symbol  F  is  used  to 
represent  valuation  factors  of  every  kind,  and  subsidiary  symbols 
are  annexed  to  distinguish  one  factor  from  another.  Here,  x 
indicates,  as  usual,  the  present  age  ;  c  shows  that  contributions 
are  in  question  ;  and,  /  that  they  are  future  contributions.  It 
will  be  noted  that  no  subsequent  adjustment  of  any  kind  La 
required  after  the  formula  has  been  applied. 

Section  IV. 

Returns  of  Contribution,  without  Interest. 

Withdrawals. 

39.  The  term  Withdrawal  is  used  to  denote  removal  from  the 
active  list  for  any  cause  except  death,  or  retirement  on  pension. 
Sometimes,  on  account  of  differences  in  the  amount  of  the  return, 
different  causes  of  withdrawal  may  have  to  be  distinguished  from 
each  other.  This  can  be  done  by  sub-dividing  the  column  of  wx 
in  the  Service  Table.  For  instance,  the  rules  may  provide  for  a 
return  of  only  the  member's  own  contributions  in  the  event  of 
his  leaving  the  service  voluntarily;  and  for  a  return  of  his  own 
contributions,  increased  by  the  half  or  the  whole  of  the 
contributions  made  by  the  Company  on  his  behalf,  in  the  event 
of  his  being  compelled  to  leave  the  service,  during  the  first  ten 
years  of  his  membership,  on  account  of  permanent  and  complete 
breakdown  in  health.  Vie  might  represent  this  second  category 
of  withdrawals  by  the  symbol  hx ;  and,  instead  of  one  column, 
headed  wx,  in  the  Service  Table,  we  should  have  two,  headed 
respectively  wx  and  hx. .  These  two  columns  would  be  treated  in 
the  valuation  separately,  but  on  identical  principles.  Unless, 
however,  the  analysis  of  the  experience  of  the  Fund  brings  out 
features  more  than  usually  well  marked,  it  is  seldom  necessary  to 
go  into  such  laborious  details.  In  a  recent  case,  where  the  total 
liabilities  of  the  Fund  were  over  .€.2,500,000,  the  liability  in  respect 
of  health  withdrawals  amounted  to  only  £3,900,  and,  had  these  been 
included  with  ordinary  withdrawals,  the  difference  in  the  estimate 
of  liability  would  have  been  only  about  £1,300,  a  sum  of  scarcely 
sufficient  importance  to  justify  much  extra  work,  and  consequent 
expense,  where  the  other  figures  involved  are  so  large.  Moreover, 
of  Schedule  IV  are  such  annuities,  and,  if  K.(.  be  the  contributions, 
whether  ordinary  or  extra,  at  age  x,  their  value  is  K^x-'F^.    This 
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if  bo  distinction  be  made  between  ordinary  and  health  with- 
drawals, the  slight  underestimate  of  liability  so  caused  may  well 
be  set  off  against  the  slight  overestimate  due  to  including  among 
the  ordinary  withdrawals  those  who  are  dismissed  the  service  on 
account  of  gross  misconduct,  and  who,  under  the  rules  of  the 
majority  of  Funds,  forfeit  all  their  contributions. 

40.  We  have  spoken  of  health  withdrawals  as  taking  place 
only  within  the  first  ten  years  of  membership,  and  this  is  the 
usual  rule,  because  after  ten  years  the  incapacitated  member 
would  take  a  pension.  Therefore  to  value  health  withdrawals 
strictly,  tables  in  the  "  select "  form  would  be  necessary,  but  the 
complications  thereby  introduced  would  be  prohibitive.  Sufficient 
accuracy  will  be  secured  if,  in  obtaining  the  rate  of  health 
withdrawal,  which  may  be  written  qhr,  we  ignore  the  limit  of  ten 
years,  and  include  among  the  exposed  to  risk  all  members,  no 
matter  what  may  have  been  the  duration  of  their  membership. 
This  will  understate  the  value  of  q''.;  but  we  can  provide 
compensation  for  the  understatement  by  treating  all  existing 
members  as  liable  to  health  withdrawal,  although  many  of  them 
may  have  been  more  than  ten  years  in  the  Fund. 

(a)  Past  Contributions. 

41.  The  withdrawals  being  assumed  to  be  uniformly  distributed 

over   the   year   of  age,    the  value   of   a  unit  to   be    returned  if 

withdrawal    take    place     in    the    first    year    following    age    x 

•     wx.vr+k-     .,   .      ,,  ,  wx+1.v*+l+*  1 

is    -jL~i ;  it    in    the    second  year,  -   T—        — ;    and    so   on. 

Writing  ivx.vr+i-  =  C'i- ,  and  2C£=M",  we  have  for  the  value  of 
a  unit  to  be  returned  on  withdrawal  at  any  future  time 

M"" 

42.  If,  now,  we  write  S  for  the  total  amount  of  past 
contributions  of  all  members  at  present  aged  x,  we  have  SxpFj 
for  the  value  of  the  return  of  these  on  withdrawal. 

43.  Here  we  see  from  the  affixes  to  the  symbol  F,  that  we  are 
dealing  at  age  x  with  the  return  on  withdrawal  of  past  contributions. 

44.  The  formula  applies  equally  to  past  extra  contributions  if 
such  be  returnable. 

(b)  Future  Contributions. 

45.  We  had  above,  in  paragraph  41,  M£=2C£.  If  the 
return  is  to  be  1  per-ceut  of  salary,  then  the  unadjusted  function 


1905.]  On  Staff  Pension  Funds.  143 

for  valuing  the  return  on  withdrawal  at  any  future  time  in  respect 

of  the  salary  for  the  year  x  to  x+1  is   --"*-  x  M£,  which  we  may 

write  'M^r.     But  this  will   give  a  value    too    large,    because    it 

assumes  that,  on  withdrawal  in  the  first  year,  a  return  will  be 

made  of  1   per-cent  of  salary  for  the  whole  year,  instead  of  for 

only  half  a  year,  as  is  the  case  on  the  supposition  of  a  uniform 

distribution  of  withdrawals.     The  necessary  correction   is  made 

1      s       — 
bv  deducting  k'tt^'O*  from    Mr.     The  result  may  be  written 

J  °  2    100 

*M',r,  so  that  we  have, 

—  1  c  _ 

M  ~  M    2  roo  u*- 

The  arithmetical  work  of  preparing  this  adjusted  function 
may  be  shortened  by  constructing  a  column  of  M* —  £C£,  before 

involving  the  factor  ^-^  in  forming  the  column  of  Mj. 

46.  In  order  to  obtain  the  value  of  a  return  on  withdrawal  at 
any  future  time  of  1  per-cent  of  all  future  salaries,  we  must  sum 
the  column  of  M  ",  and  write 

sR?='Mj  +  sM;+1  +  &c. 

47.  For  the  value  of  a  return  on  withdrawal  of  1  per-cent  of 
all  future  salaries  of  an  employee  whose  present  salary  is  sx,  we 
have  'Rj-i-Ds ;  but,  just  as  in  dealing  with  the  value  of  future 
contributions  in  paragraph  35,  it  is  better  to  base  our 
calculations  on  a  present  salary  of  100,  and  write 

48.  Thus  we  have  the  valuation  factor  'P;'  for  the  value  at 
age  x  of  a  return  on  withdrawal  of  1  per-cent  of  future  salary, 
commencing  at  100,  and  increasing  according  to  scale. 

49.  If  there  be  an  employee  aged  ar,  with  present  salary  of  s, 

the  value  of  a  return  of  1  per-cent  of  his  future  salary  will  be 

s 
r— -  xfY%;  and  if  there  be  n  employees,  all  aged  x,  with  aggregate 

salaries  of  S,  the  value  of  a  return  on  withdrawal  of  1  per-cent  of 

g 

all  their  future  salaries  will  be  T7r7,  x  '  F'f. 

100 
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50.  Here  we  see,  from  the  affixes  to  the  symbol  F,  that  we 
are  dealing  at  age  x  with  the  return  on  withdrawal  of  future 
contributions. 

51.  The  return  of  1  per-cent  of  a  salary  beginning  at  100, 
may  be  looked  upon  as  a  return  of  all  the  payments  of  a 
continuous  annuity,  commencing  at  1,  and  increasing  according 
to  the  salary  scale.  Therefore,  using  K,.  with  the  same  meaning 
as  in  paragraph  37,  the  value  of  the  return  of  the  future 
contributions  of  all  the  members  aged  x  is  K^x-'F'^. 

52.  The  adjustment  effected  by  the  deduction  of  |C? 
explained  in  paragraph  45  is  not  of  such  slight  importance  as 
might,  on  first  thought,  be  supposed.  In  the  case  of  a  large 
Fund  recently  valued,  to  have  omitted  the  adjustment  would 
have  caused  an  overestimate,  by  fully  8i  per-cent,  of  the  value 
of  the  return  of  future  contributions. 

Deaths. 

53.  The  factors  for  death  returns  are  calculated  and  employed 
on  precisely  the  same  principles  as  have  been  applied  to  those  for 
returns  on  withdrawal.  We  have  merely  to  use  the  column  of 
dXi  instead  of  that  of  wx,  in  the  Service  Table.     We  have 

(a)    Past  Contributions. 
Cf=rfJ.x«aj+i 

(h)    Future  Contributions. 

Special  Form  of  Return. 

54.  One  rather  special  form  of  return  on  death  before  pension 
is    sometimes    met   with.     It  is   provided  that,   if   death    occur 
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within  ten  years  of  entry,  the  whole  of  the  member's  own 
ordinary  contributions  are  returnable,  together  with  the  whole  of 
the  contributions  made  by  the  Company  on  his  behalf;  but,  if 
death  occur  after  ten  years,  then  the  return  is  to  be  only  one-half 
of  the  average  salary  from  the  date  of  entry.  This  is  a 
troublesome  benefit  to  value,  and  I  know  of  no  way  of  treating  it 
satisfactorily  without  taking  into  account  the  age  at  entry  as  well 
as  the  age  attained.  A  complete  set  of  valuation  factors  must  be 
prepared  for  each  entry  age,  and  about  thirty  sets  in  all  will  in 
many  cases  be  required. 

55.  Let  yzx  be  the  average  of  the  scale  salaries,  from  the 
commencement  up  to  age  x;  so  that,  if  y  be  the  age  at  entry, 
and  x  —  y  —  t,  we  shall  have 

1/ 
VZx—  j(Sv  +  Sy+i+  •  •  •  +*r-l)- 

56.  The  contributions  returnable  during  the  first  ten  years 
being  5  per-cent  of  actual  salary  received,  if  death  occur  in  the 

first  year,  the  return  will  be  2*5  x  ^r  ; 

J  100 


if  in  the  second  year,  5  x  ~-  +2*5  x 


>.'/  +  ! 


if  in  the  third  year,  5  x  ^-  +5  x  ^  +2-5  x  ^; 

and  so  on  for  ten  years.  This  is  not  a  convenient  form,  because 
it  does  not  fit  in  with  the  returns  after  ten  years  ;  but,  with  only 
slight  loss  of  accuracy,  another  may  be  substituted.  Instead  of 
taking  the  salaries  of  the  individual  years,  we  may  take  the 
average  salary,  and    assume    that,  if    death    occur    in    the    first 

year,   the    return    will    be    ^"ix^^r1;    if   in    the    second    year, 

7'5x  l4r£;    if  m  the  third  year,  125  x  ™-3;  and  so  on  until 
100  J  100 

the  tenth  year,  when  the  return  will  be  47'5  x  y  ^J,   .     After  ten 

years  the  rate  of  return  will  be  constant  at  50  per-cent  of 
the    average    salary;     so    that,     when     />10,    the    return     is 

50  x  v^~k  ,  no  matter  what  may  be  the  value  of  /.     By  this  form 
100  J  J 

the  value  of  the  return  will  be  very  slightly  overstated. 

57.  Special  columns  must  be  prepared.     First  of  all,  a  table 

VOL.  XXXIX.  L 
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of  log  {7^  is  required  for  each  age  at  entry,  and  for  all  values  of 

x.  This  takes  the  form  of  successive  columns,  with  the  age  at 
entry,  y,  at  the  top,  and  the  duration  of  membership,  /,  at  the 
side,  /  being  1  + curtate  duration. 

58.  Next,  we  must  have  the  values  of  log  kf,  where  k  is  the 
percentage  of  average  salary  to  be  returned;  and  kt  =  2'5, 
k.2=7o,  .  .  .  ki0  =  47'5  ;  and  A^  =  50,  when  t>  10.  The  values  of 
log  k  should  be  written  on  a  movable  slip,  log  50  being  repeated 
on  the  slip  down  to  the  last  possible  duration  of  membership  of 
the  youngest  entrant. 

59.  Lastly,  we  must  have  the  mortality  function,  which  is 
vx+i-dx,  symbolized,  as  before,  by  C^.  A  movable  slip  should  be 
provided,  with  the  values  of  log  Q'  for  all  values  of  x,  the  age 
being  given  at  the  side. 

60.  The  two  movable  slips  are  then  placed  side  by  side,  in 

suitable    positions,    on    the    sheet    of    logy^L    and,    by    lateral 

addition  of  three  numbers,  the  work  is  performed. 

61.  The  function  thus  prepared  is  log;,C'',  where  y  is  the  age 
at  entry,  and  :c  the  age  attained,  and  where 

fi>  =  v*^xdxxktx^. 


Taking  out  the  natural  numbers,  and  summing,  we  have, 

zMd—s?zC,d 
and,  finally,  ~" 

T?d y"xx 

62.  This  is  the  valuation  factor,  and  the  value  of  the  return 

for  n  members  aged  x,  who  all  entered  at  age  y,  and  whose 

S 
present  total  salaries  are  S,  is  y^  x  yYx.    We  have  thus  the  whole 

return,  of  both  past  and  future  contributions,  and  not  merely  a 
return  of  1  per-cent  of  salary. 

63.  In  applying  the  formula,  recourse  must  be  had  to 
Schedule  II,  and  not  to  Schedule  IV,  which  has  been  used  in 
connection  with  the  previous  formulas.  We  multiply  the 
numbers  in  column  3  of  Schedule  II  by  the  appropriate 
valuatiou  factors;  and  again  multiply  the  grand  total  of  the 
results  by  ,4.     This  last  step  is  taken  because  the  contributions 
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iu   the  Schedule   must  be   multiplied  by  40  to  give  the  actual 
salaries,  and  the  factor  assumes  a  salary  of  100. 

G4.  The  foregoing  explanations  may  convey  the  impression 
that  the  process  is  intricate,  but  it  is  not  so  when  practically 
applied.  Only  a  certain  amount  of  fairly  simple  arithmetical 
work  is  required.     The  principal  trouble  is  to  prepare   the  table 

of  logfTTv)  but,  as  we  shall  see  later  on  (paragraphs  124  et  seq.), 

that    table    will    be    useful    in    dealing    with    certain    classes   of 
prospective  pensions. 

65.  The  benefit  here  discussed  is,  so  far  as  the  Fund  itself  is 
concerned,  financially  equivalent  to  a  return  of  the  members' 
own  contributions,  no  matter  when  death  may  occur.  The  cost 
in  the  aggregate  is  almost  exactly  the  same.  The  more  simple 
form  of  return,  so  far  as  the  members  individually  are  concerned, 
gives  less  during  the  first  twenty  years  of  membership,  but  more 
afterwards,  and  in  this  respect  is  the  better.  It  is  when  death 
takes  place  after  many  years'  contribution  that  a  small  return 
causes  dissatisfaction  to  the  family.  The  simpler  form  being  more 
easily  worked  in  practice,  as  we  have  seen  in  paragraph  53.  it 
should  be  substituted  for  the  other  whenever  possible. 

Section  V. 
Returns  with  Compound  Interest  at  the  Valuation  Rate. 

66.  Sometimes,  in  the  case  of  death  before  pension,  the 
contributions  are  returnable  with  compound  interest  at  a  rate 
guaranteed  on  the  funds,  and  employed  in  the  valuation.  Under 
such  a  rule,  the  value  of  the  return  of  future  contributions,  with 
interest,  can  be  calculated  readily,  only  one  special  commutation 
column  being  required;  while,  as  regards  past  contributions, 
the  mathematical  theory  is  not  more  difficult,  although  the 
arithmetical  application  is  more  laborious. 

67.  AYhen  a  sum  is  to  accumulate  at  compound  interest 
during  a  given  status,  and  the  present  value  is  sought  at  the 
same  rate  of  interest,  the  operations  of  interest  and  discount 
neutralize  each  other,  and  may  be  ignored.  The  value  of  the 
sum  is  simply  the  sum  itself  multiplied  by  the  probability  that  it 
will  be  received.  Thus,  if  a  sum,  S,  is  to  accumulate  at 
compound  interest  at  rate  i  during  the  joint  lives  of./  and  //.  and 
if  it  be   receivable  on  the  death  of  x  if  he   die   first,  its   present 

l  2 
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value,  also  at  rate  2,  is  Q '„  x  S.  This  principle  applies  to  the 
case  before  us,  and  the  process  can  be  followed  without  detailed 
explanations.  We  form  a  special  column  of  living  by  summing 
the  dx  column  of  the  Service  Table.  This  may  be  symbolized 
by   A.*'.     If  a   unit  be   receivable  on   death  before  pension,  the 

probability   that  it  will    be  received   is   y;  and   this   is  also  its 

present  value  at  rate  of  interest  i,  when  it  is  accumulating  at 
the  same  rate. 

(a)   Future  Contributions. 

68.  In  a  way  analogous  to  that  followed  in  finding  the  value 
of  returns  without  interest  in  paragraphs  45  to  47,  the  value  of  a 
return  with  compound  interest,  on  death  before  pension,  of  1 
per-cent  of  the  first  year's  salary,  which  is  assumed  to  be  100,  is 

Sx    7  -L'.r 

100  h 

and  of  1  per-cent  of  the  second  year's  salary 

100* 

and  so  on.     We  may  write 

and  2*H*=*fi* 

Then,  /F-=^ 

69.  To  former  symbols  we  add  the  affix,  i,  to  indicate  that 
returns  with  compound  interest  at  the  valuation  rate  are  in 
question. 

70.  The  factor  ■'¥'['  gives  the  value  of  a  return,  with  compound 
interest,  on  death  before  pension,  of  1  per-cent  of  future  salary, 
commencing  at  100,  and  increasing  according  to  scale.     If  there 

be  n  employees  aged  x,  with  aggregate  salaries  of  S,  the  value  of 

§ 

the  return  in  respect  of  all  of  them  is  ..-7^  x  -f¥''r  . 
r  100 
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71.  As  before,  we  may  look  upon  the  1  per-cent  of  a  salary 
commencing  at  100,  as  an  increasing  annuity  commencing  at 
unity ;  and,  therefore,  if  Kc  be  the  contributions  at  age  x 
given  in  column  5  of  Schedule  IV,  the  value  of  the  return  is 

K,xrP<\ 

(b)   Past  Contributions. 

72.  When  we  seek  the  value  of  the  return  of  past  contributions, 
the  question  becomes  more  complex  ;  because  the  amount  to  be 
returned  depends  very  much  on  the  time  elapsed  since  entry,  the 
accumulations  being  proportionately  greater  through  the  operation 
of  interest  when  the  time  is  long  than  when  it  is  short.  It  is 
necessary,  therefore,  to  treat  each  age  at  entry  separately. 

73.  If  the  present  age  be  x,  and  the  age  at  entry  y,  then,  in 
the  case  of  a  member  whose  present  salary  is  sx,  the  accumulated 
amount  of  the  contributions  of  1  per-cent  of  past  salaries  is, 

Uoo1  +  '        +iool  +j  +'     +iool      J  j 

1  +l>  lioo      +  ioo         +•••-*-  i00v       / 

=  (l+«)*x,Zj, 

when  we  write  ,JL[.  for  the  summation  within  the  brackets.  This 
being  the  amount  to  be  returned,  with  further  accumulations  at 
compound  interest,  on  death  before  pension,  its  present  value,  by 
paragraph  67,  is 

74.  Thus  we  have  the  value  of  a  return  in  respect  of  salary, 
at  present  sx,  enjoyed  by  a  member  now  aged  x  who  entered  at 
age  y ;  and,  for  a  present  salary  of  100,  we  have  for  value, 

^?x^x(l+,-)*x,Zj 

*x  'x 


X'r  „  ,  \x 

1) 


x  y^x —  ^=r-  X  u^r  • 


That  is, 


100  Lx 


ppdi        2*.  x    Z'" 

9     x        sj)      *  Uux' 
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75.  It  is  not  very  laborious  to  construct  a  tabic  of  JL^..  It 
will  contain  a  column  for  each  possible  age  at  entry.  Wc  must 
first  take  the  table,  consisting  of  one  column,  of  the  values  of 

— —  X  vx+i,  already  used  in  the  construction  of  the  factor  'F'^',  and 
100  J 

sum  it  continuedly  for  each  age  at  entry,  from  above  downwards, 
just  as,  but  in  reverse  order,  N.r  is  formed  from  Da. .  Moreover, 
yL[.  corresponds  to  the  terminal,  and  not  the  initial,  form  of  N. 

76.  When  the  table  has  been  completed,  the  logarithms  are 
taken  out,  and   entered   in  columns,  the  age  at  entry  at  the  top, 

and  the  age  attained  at  the  side.      A  movable  slip  of  log  j=-     is 

also  prepared;  and  then,  by  the  lateral  addition  of  two  numbers, 
the  table  of  log^Ff,  and  hence  of  *JF?,  is  completed. 

77.  The  factor  ^F''  gives,  for  a  salary  of  100,  the  value,  with 
accumulations  at  compound  interest  at  the  valuation  rate,  of  a 
return  on  death  before  pension  of  past  contributions  at  the  rate 
of  one  per-cent  on  salary.  If  there  be  n  members,  all  aged  x, 
who  entered  at  age  y,  and  whose  present  salaries  aggregate  S,  the 

value  of  the  return  is  y^  x£F'.'/. 

78.  Taking  the  contributions,  K.r,  from  Schedule  II,  which 
are  2^  per-cent  of  current  salaries,  the  value  of  the  return  of  the 
whole  2£  per-cent  is  K*X*F*. 

79.  In  this  investigation  we  have  assumed  that  all  existing 
salaries  have  reached  their  present  figure  by  increments  according 
to  scale ;  and  I  do  not  see  what  other  course  could  be  adopted  with 
any  advantage.  We  cannot  make  use  of  the  actual  past  contributions 
tabulated  in  Schedule  YV ,  because,  there,  both  age  at  entry  and 
accumulations  at  interest,  are  ignored  ;  and,  even  were  we  in 
Schedule  II  to  include  columns  for  past  contributions  according 
to  age  at  entry,  that  would  not  help  us,  because  the  interest 
element  would  be  absent.  To  enable  us  to  take  account  of  actual 
past  contributions,  wTe  should  require  to  ask  for  the  amount  paid, 
in  each  year  from  entry,  by  every  existing  member ;  and  that 
information  would  not  be  forthcoming.  Moreover,  were  the 
information  available,  the  labour  of  calculating  the  accumulations 
of  each  item  at  compound  interest  would  be  enormous,  and 
no  commensurate  advantage  would  be  secured  by  undertaking 
it.  For  practical  purposes,  the  comparatively  brief  method 
discussed  above  is  quite  sufficient.  It  is  true  that  we  might 
attempt   the    method    of  paragraphs   98   and  99,  where  simple 
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interest  is  m  question.  That,  however,  would  involve  a  very 
complicated  double  summation  in  the  calculation  of  yZ'x,  and  the 
gain  in  accuracy  would  be  secured  at  great  cost. 

Section  VI. 
Returns  ivith  Compound  Interest  at  other  than  the  Valuation  Kate. 

80.  In  Section  V  we  assumed  compound  interest  at  the 
valuation  rate,  but  the  limitation  is  not  necessary.  By  suitably 
modifying  the  formulas,  we  may  provide  for  the  return  of 
contributions  with  compound  interest  at  other  than  the  valuation 
rate. 

81.  If  a  unit,  to  be  paid  on  death  before  pension,  is  to 
accumulate  at  rate  j,  and  to  be  valued  at  rate  i,  j  being,  in  practice, 
less  than  i,  although  in  theory  there  is  no  need  for  this  proviso, 

the  value  of  the  unit  for  the  first  year  is  ~r  '  n — ^nr>  ana*  for  the 

J  L   (1+0* 

i  da.+l    (1-|-/)1+*  ,  w 

second  year  —^•7^ — .'     ,  ;  and  so  on.      We  may  assume  a  rate 

J        /,    (i  +  oi+' 

of  interest,  J,  such  that  . — ^  =    .     ' .   ,  which  gives  J  =  f~.,  and 

prepare  commutation  tables  based  upon  it.  Writing  C'J  for 
dx  x(l+J)-*-*,  and  BJr  for  lx  x  (1  +  J)-*,  we  have  for  the 
value  of  the  unit,  with  compound  interest  at  rate  j,  to  be  received 
on  death  before  pension, 


C?  +  CAJ1  +  &c._M^ 

when  we  write  M?  for  SCd,J . 

(a)   Future  Contributions. 
82.  Taking  the  return  as  1  per-cent  of  future  salary,  we  have 
for  the  value  of  the  return  in  respect  of  the  salary  for  the  first 
year  following  age  x, 
1     s,, 


L    100 


«*  •  {Hr(l  +J)~*  +  4  +  l(l  +  J)"1_i  +  &C 


=/i-«i-S^*-i%{i4(l+J>-:*+^.(l+J)-'-'-*+&c. 


■■w.-*-w-mi*s-&} 


100 
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when  we  write   (1  +j)~-r=  ur,  and  M'"  -  \ C''J  =  W£ .     We  shall 
rind  that,  similarly,  the  value  of  the  return  in  respect  of  the  salary 

for  the  second  year  is,  ,     -u*  •  ux+1  •  prk  •  M.,'  + 1 , 

for  the  third  year  is,     .     •  u*  •  ux+2  •  'l|*  ■  M  j+2> 
and  so  on.     If  now  we  write 


■BjforSttH^^M?, 

and  pass  from  a  salary  of  sx  to  one  of  100,  we  finally  have  the 
valuation  factor 

Here  we  add  the  affix  /,  to  denote  that  the  return  is  to  include 
compound  interest  at  other  than  the  valuation  rate.  Correction 
has  heen  made  for  the  fractional  contribution  paid  for  the  year  of 
death.  The  multiplication  by  u*  may  be  performed  at  the  end  of 
the  operations. 

83.  This  gives  the  value  of  the  return,  with  compound  interest 

at  rate  j,  on  death  before  pension,  of  1  per-cent  of  future  salaries, 

commencing  at  100,  and  increasing  according  to  scale.      If  there 

be  n  members  aged  %,  with  aggregate  salaries  of  S,  the  value  of 

S 
the  return  is  ^-^  x'F1'.'. 
100 

84.  As  before,  we  may  look  upon  the  1  per-cent  of  salary 
commencing  at  100,  and  increasing  according  to  scale,  as  an 
increasing  annuity,  commencing  at  unity ;  and,  therefore,  if  Ka. 
be  the  contributions  at  age  x,  given  in  column  5  of  Schedule  IV, 
the  value  of  the  return  of  the  whole  2\  per-cent  is  K^.  x ■''¥ j.'. 

85.  The  investigation  here  is  similar  in  principle  to  that  in 
paragraphs  45  to  52  for  returns  without  interest ;  but  the  factor, 
ux,  appears,  and  commutation  columns  are  used  in  the  numerator, 

based  upon  the  rate  of  interest  J,  which  is  equal  to  -z — —.,  instead 

of  upon  i.  The  rate  J  is  special,  but  there  is  no  difficulty  in 
involving  it    in    the   commutation    columns.     When   the   return 
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is  to  include  compound  interest  at  2£  per-cent,  and  the  valuation 
rate  is  4  per-cent,  then 

-04- -025 

ru2o 

If  j  be  greater   than  i,  J   is  negative,  and  (1  +  J)-J:  becomes  a 
function  of  accumulation,  instead  of  discount. 

(b)   Past  Contributions. 

86.  To  find  the  value  of  the  return  of  past  contributions, 
we  may  follow  the  method  of  paragraph  73,  where  we  were 
considering  accumulations  at  the  valuation  rate  of  interest.  But, 
seeing  that  now  accumulations  are  to  be  at  rate  J,  that  is  the  rate 
to  be  used  in  calculating  the  summation  within  the  brackets. 
The  summation  will  therefore  be  (1  +  j)x  x  ,JL}X ,  when  we  write 

7>  =  f     SV      .  l  ,     *»  +  !.  l  ■  i     **-!.  ]  '. 

y  x      (100    (l+j)»+*      100    (l+j)»+1+*      '  *  "      100    (l+j)"-1+*/ 

This  being  the  amount  to  be  returned  with  further  accumulations 
at  rate  j,  its  present  value,  by  paragraph  81,  is 

M  ' 
=  M'/J 

87.  Thus  we  have  the  value  of  the  return,  in  respect  of  past 
contributions,  of  one  per-cent  of  a  salary,  at  present  8XJ  enjoyed 
by  a  member  now  aged  x,  who  entered  at  age  y.  For  a  salary  of 
100  we  therefore  have  for  the  value  of  the  return, 

100   M£ 

M  J 

which  is  equal  to  =r-   •  ,,Zi. 

1  SJ)X    y   x 

That  is  Y    =^(.yZi. 

88.  In  constructing  the  table  of  the  values  of  this  factor,  we 
follow  the  course  explained  in  paragraphs  75  and  76 ;  only  we 
have  special  rates  of  interest,  namely  J  and  J. 

89.  The  factor  £F*  gives,  for  a  salary  of  100,  the  value,  with 
accumulations  at   compound  interest   at  rate  j,  of  a  return  on 
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death   before   pension  of  past  contributions  at  the   rate  of  one 

per-cent   on    salary.     If   there    be  n  members  aged  ar,  who  all 

entered  at  age  y,  and  whose   present  salaries  aggregate  S,  the 

g 
value  of  the  return  is  -=-   x '„' F''.' :  or,  as  in  paragraph  78,  taking 

the  contributions,  Kx  from  Schedule  II,  the  value  of  the  return 
of  the  whole  2h  per-cent  is  Kx  x;,;F''.'. 

90.  Mr.     Ernest     C.     Thomas     (J.I.A.,   xxxviii,     276),     has 

investigated  this  problem.     As  regards  future  contributions,  his 

method    is    very    similar    to    the    above ;    but    he   assumes   that 

contributions     are     payable    at     the     beginning    of    the    year. 

As    regards    past    contributions,  however,  he   takes  for   granted 

that     we     know     the     total     amount     of      the     accumulations 

at    interest    for    all    members    at    present    aged    x,    and,    as 

already    remarked    (paragraph    79),    I     do    not    see    how    that 

information   is  to   be  obtained.     Should   it,  however,  be  in   our 

possession,  of  course  all    the   labour  of  forming  the   factor  $Fj}} 

would   be   avoided.     Writing  13  for   the   total   accumulations  in 

respect    of   all    members    aged   x>  the    value  of  the  return,  by 

M''J 
paragraph  81,  is  simply  B  x  ~j  . 

Section  VII. 

Returns  with  Simple  Interest. 

91.  In  former  times  it  was  not  uncommon  to  find  in  the 
rules  of  Pension  Funds  a  provision  for  simple  interest  on 
contributions  returned  on  death  before  pension  ;  but  the  custom 
seems  to  be  dropping  into  desuetude.  This  is  fortunate,  because, 
at  any  rate  as  regards  past  contributions,  the  benefit  is  laborious 
to  value  with  anything  approaching  to  accuracy.  Nevertheless, 
it  may  be  well  to  suggest  methods  which  can  be  followed. 

92.  The  value  of  a  sum  to  be  paid  with  simple  interest  on  death 
before  pension  is  easy  to  calculate.  Omitting  the  denominator, 
the  value  in  respect  of  the  first  year  is 

^M,(l+i); 
and  of  the  second  year 

^+1+*.rf,+1(l+|); 

and  so  on.     After  summing,  this  becomes 
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\  r*  fV  *V  J 

Therefore,  inserting  the  denominator,  the  value  sought  1^ 

M+i(5j-jM' 

The  first  portion  of  the  formula  gives  the  value  of  the  sum  itself, 
and  the  second,  that  of  the  interest. 

(a)  Future  Contributions. 

93.  Omitting  the  denominator,  the  value  (if  the  return  in 
respect  of  the  salary  of  the  first  year  is 

when  we  omit  the  last  term  %)  •   "'     M   -  K       as   insignificant. 

Finding   now  similar  expressions  for  the  salaries  of  the  second 
and  subsequent  years,  and  summing,  we  shall  have 

when  we  write  *SR"  fir  the  sum  of  ,       B    for  all  values  of  x. 
<-'  1UU 

94  To  obtain  the  value  of  the  return  in  respect  of  a  salary  of 
sx,  we  divide  by  Dx,  or,  in  respect  of  a  salary  of  100,  by  SDX. 
Finally  we  therefore  have, 
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95.  By  omitting  the  term  =  •  -■*. ~(M£  +  $CJ)  in  paragraph  93, 

we  assume  that  interest  for  a  whole  year  is  allowed  for  the 
year  of  death,  and  thus  we  cause  a  slight  overestimate  of 
liability. 

96.  The  factor  'F''.'  gives  the  value  of  the  return,  with  simple 
interest,  of  a  contribution  of  1  per-cent  of  future  salaries, 
commencing  at  100.  In  respect  of  all  members  now  aged  x,  we 
take  the  contributions,  Kx,  from  column  5  of  Schedule  IV,  and 
the  value  of  the  return  of  the  whole  2h  per-cent  is  KrxrF''. 

97.  The  factor  is  not  difficult  to  prepare.     It  consists  of  two 

SH'1. 
portions.     The  first,  ^ ' ,  is  simply  the  factor  of  paragraph  47, 

only  for  deaths  instead  of  withdrawals,  and  gives  the  value  of  the 
return    of    future    contributions    irrespective    of   interest.       The 

i  x  sSRl. 
second  portion,  — ^^ — -,  gives  the  value  of  the  return  in  respect 

of  the  interest  alone.  To  obtain  'SR/,',  we  sum  M'l,  so  producing 
R'.  We  then  form  the  products  r^^j  and,  lastly,  we  sum 
again.     The  work  is  simple,  and  not  lengthy. 

(b)  Past  Contributions. 

98.  The  total  past  contributions  are  given  in  column  3  of 
Schedule  IV,  and  to  obtain  the  value,  in  respect  of  them,  of  the 
return  with  future  simple  interest,  we  multiply  by  the  factor 
given  in  paragraph  92, 

Mi  +  i(M-hMj). 

99.  We  have  now  only  to  find  the  value  of  future  returns  of 
past  interest.  Assuming  age  at  entry  y,  and  age  attained  x,  and 
a  contribution  of  1  per-cent  of  salaries,  the  total  past  interest  is, 

'{i&(-»-»)+Sg(-i+T-«+-+fe(-S=T-*)| 

+  %oV-i+*)}] 
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This  is  an  expression  somewhat  similar  to  that  in  paragraph  73; 
only  there  are  two  summations,  of  which  we  must  take  the 
difference.      Hence  the  arithmetical  process  is  laborious. 

100.  When  we  have  thus  found,  for  each  age  at  entry,  tin- 
total  accumulations  of  past  interest  at  each  attained  age,  in 
respect  of  a  present  salary  of  8Xi  we  obtain  the  value  of  the  return 

.      .      ,     M 

of  this  interest  lor  a  salary  01  LOO  by  multiplying  by    .-y ,  and  so 

arrive  at  the  factor  which  will  give  us  the  value,  for  age  at  entry  y, 
at  age  attained  x,  of  a  return  of  past  simple  interest  on  contributions 
of  1  per-cent  of  salary.  This  factor  must  be  multiplied  into  the 
corresponding  number  in  column  3  of  Schedule  II  in  order  to 
obtain  the  total  value  of  the  return  of  past  simple  interest. 

Section  VIII. 
Pensions. 

101.  The  benefits  so  far  considered  have  been  of  a  subsidiary 
character.  Returns  of  contributions  are  excrescences,  devised  to 
meet  the  grievances  which  the  employees  think  exist  when 
everything  is  forfeited  on  death  or  withdrawal  before  entering 
on  pension.  These  grievances  are  more  imaginary  than  real, 
because,  if  no  return  be  made,  more  funds  will  be  available  for 
the  pensions;  and,  in  the  prospect  of  higher  pensions  should 
they  maintain  their  membership,  the  employees  will  receive 
compensation  for  all  they  pay  in. 

10.2.  We  shall  now  pass  to  the  main,  but  not  the  most 
intricate,  branch  of  the  enquiry,  and  investigate  the  methods  of 
dealing  with  the  pensions  themselves. 

103.  The  simplest  form  of  Pension  Fund  is  that  where  there 
is  an  absolutely  fixed  pension  age,  at  which  every  survivor  must 
retire,  and  where  no  earlier  pensions  are  allowed  under  any 
circumstances.  Here,  the  pensions  are  merely  deferred  annuities, 
of  amount  varying  with  salary,  and  with  duration  of  membership ; 
and  they  present  but  little  difficulty.  They  seldom  occur  in 
practice,  and  we  shall  not  discuss  them  further.  Should  occasion 
arise,  they  would  be  treated  on  the  principles  that  apply  to  the 
more  complex  cases. 

104.  There  may  be  a  fixed  pension  age,  but  with  the  proviso 
that,  on  complete  and  permanent  breakdown  in  health,  earlier 
pensions  are  to  be  allowed,  proportionate  to  years  of  service,  and 
to   salary.     Pensions  taken  at  the  fixed  pension   age  have   been 
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called  Normal  Pensions,  and  those  taken  on  previous  breakdown 
in  health,  Early  Pensions.  In  former  days  no  direct  account  was 
taken  of  early  pensions,  but  an  average  pension  age  was  adopted, 
at  which  all  pensions  were  assumed  to  emerge.  This  course  is 
not  altogether  satisfactory.  It  is  not  easy  to  determine  a  suitable 
average  pension  age ;  and  results  based  upon  even  the  most 
careful  analysis  must  always  be  untrustworthy.  Later  on  an 
improvement  was  introduced.  The  liability  in  respect  of  normal 
pensions  was  calculated  by  itself;  and  a  separate  process  was 
applied  to  ascertain  the  liability  in  respect  of  early  pensions. 
An  average  age  was  assumed,  after  careful  investigation,  at  which 
all  the  members  were  presumed  to  have  entered ;  aud  the  value 
of  the  early  pensions  was  estimated  accordingly.  This  is  the 
method  which,  so  far  as  my  knowledge  goes,  is  frequently 
followed  at  the  present  day.  Although  much  better  than  the 
first,  it  seems  to  me  to  be  still  open  to  grave  objections.  It  is 
really  impossible  to  determine  an  average  age  at  entry  which  may 
be  relied  on  to  give  accurate  results ;  and  it  is  much  more 
satisfactory,  if  we  can,  to  avoid  all  assumptions,  and  to  deal 
with  the  facts  as  we  actually  find  them.  By  the  processes 
hereinafter  explained,  I  think  this  is  possible;  and  in  several 
valuations  which  have  recently  fallen  to  my  lot,  these  processes 
have  been  followed  with  success.  We  discard  the  distinction 
between  normal  and  early  pensions,  and  treat  all  alike ;  and, 
whenever  advantageous,  we  involve  the  actual  age  at  entry,  as 
well  as  the  age  at  retirement ;  and  thus,  at  the  cost  of  a  little 
more  arithmetical  work,  we  arrive  at  conclusions  which  are  as 
certain  as  present  knowledge  permits. 

105.  Moreover,  this  plan  fits  well  into  the  conditions  which 
frequently  prevail  in  practice.  There  is  no  absolutely  fixed 
pension  age,  but  an  optional  age,  at  or  after  which  the  member 
may  elect  voluntarily  to  retire  on  pension,  or  may  be  super- 
annuated by  the  Company,  entirely  independently  of  the  state 
of  his  health.  When  such  a  rule  exists,  a  few  members 
sometimes  remain  on  the  active  list  up  to  a  really  advanced 
period  of  life,  as  may  be  seen  by  reference  to  Table  1. 

106.  The  Service  Table  gives  the  number  of  retirements  at 
each  age.  Below  age  25,  in  the  example  selected  to  illustrate 
this  paper,  that  number  is  always  zero ;  and,  at  age  68,  all  who 
do  not  die  before  69  are  supposed  to  retire  within  the  year. 
Therefore,  age  68  might,  in  this  particular  case,  be  called  the 
normal    pension    age,   but   there    is    no    distinction   in   principle 
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between  r^,  and  rx  for  any  other  value  of  x.  We  shall,  therefore, 
make  no  difference  in  practice.  Retirements,  no  matter  at  what 
age,  shall  be  treated  alike. 

107.  The  first  step  in  dealing  with  pensions  is  to  prepare  a 
table  of  annuities  applicable  to  pensioners.  Very  seldom  will  the 
experience  of  a  Fund  itself  be  of  sufficient  extent  to  supply 
throughout  the  requisite  data.  It  is  necessary  at  the  older  ages 
to  adopt  some  standard  table.  The  English  Lite  Table,  No.  3, 
Males,  is  often  employed,  but  sometimes  the  HM,  or  the  HM(5); 
and  I  bave  known  of  the  circumstances  being  such  as  to  indicate 
the  use  of  the  Government  Annuity  Table.  The  experience  of 
the  Fund  to  be  valued  must  be  our  guide  in  the  selection  of  a 
suitable  table.  There  can  be  no  hard  and  fast  rule.  At  the 
younger  ages,  and  generally  down  to  some  age  between  60  and 
70,  the  actual  experience  of  the  Fund  can  be  more  or  less 
incorporated,  and  the  annuity  table  completed  by  working 
backwards  from  the  standard  table  by  the  usual  formula, 
aj.=  ij)r(\  +  ax+l).  In  our  example,  px,  from  age  50  to  the 
youngest  pension  age,  is  uniformly  "91. 

108.  It  is  proper  to  assume  that  pensions,  taken  one  with 
another,  are  payable  continuously  throughout  the  year ;  and, 
seeing  that  they  are  presumed  to  be  entered  on  in  the  middle  of 
the  year  of  retirement,  the  annuity-value  we  require  is  ax+x. 
It  is  sufficiently  accurate  to  write, 

»x+{  =  h+  ¥ax  +  ax+l). 

109.  As  a  preliminary,  we  may  find  the  value  of  an  annuity 
of  1  per  annum  to  be  entered  upon  on  retirement  whenever  that 
may  take  place. 

110.  The  value  in  respect  of  the  first  year  following  age  x  is 

evidently  ^-  .rx.rv+h-.ax+±,  a"d,  in  respect  of  the  second   year, 

jr-.rx  +  i.vr+l+i.«.l.+  l  +  i,  and  so  on.     Writing  ra.vr+^dx+i=GxJJ 

M 

and  SC  ,'  =  M  )' ,  we  have  -~r-    as  the  value  of  the  annuity  sought. 

In  the  case  of  our  illustration,  rx  for  all  ages  less  than  25,  and 
hence  also  Cr",  is  always  zero;  and,  therefore,  for  these  younger 
ages,  M"  is  constant.  The  constant  value  should,  however,  for 
the  sake  of  convenience,  be  tabulated,  because  the  denominator, 
Dx,  varies. 
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A. — Pensions  based  upon  Average  Salaries. 

111.  We  shall  first  consider  pensions  calculated  as  a  uniform 
percentage  of  average  salary  from  the  commencement  of 
membership  ;  and,  to  begin  with,  we  shall  assume  that  there  is  no 
limit  to  the  pension,  that  a  pension  is  claimable  on  retirement 
from  ill-health,  even  should  breakdown  occur  in  the  first  year  of 
membership,  and  that  fractional  parts  of  a  year  are  allowed  to 
count  towards  pension. 

112.  For  the  purpose  of  the  valuation  we  must  distinguish 
between  past  and  future  salaries. 

(a)   Past  Salaries. 

113.  It  may  be  troublesome  to  find  the  average  past  salary, 
the  number  of  years  of  membership  not  being*  directly  tabulated  ; 
but  it  is  not  necessary  to  do  so,  because  evidently  it  is  the  same 
thing  whether  we  take  k  per-cent  of  average  salary  for  each  of  the 
/  years  of  membership,  or  k  per-cent  of  the  total  of  the  salaries 
received  during  the  /  years  of  membership. 

114.  Column  3  of  Schedule  IV  gives,  for  each  age  attained, 

the  total  past  contributions  of  2^  per-cent  of  the  salaries ;  and, 

multiplying  by  *4,  we  have  1  per-cent  of  such  salaries.     This  is 

the  annual  amount,  at  1  per-cent,  of  the  prospective  pensions  due 

Mra 
to  past  salaries ;    and,  multiplying  by    -p^1  ,    we  arrive    at    the 

present  value.  This  multiplier  is  the  valuation  factor  used  in 
dealing  with  past  salaries,  and  we  may  therefore  write, 

(b)  Future  Salaries. 

115.  We  must  find  the  value  of  a  pension  of  1  per-cent  of  the 
salary  of  each  future  year.  In  respect  of  the  first  year  following 
agejc,  the  value  evidently  is, 

because  this  provides,  no  matter  when  retirement  may  take  place, 
a  pension  of  1  per-cent  of  the  salary  of  the  year  x  to  x+1,  and 
includes  the  correction,  already  discussed,  for  the  broken  period 
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should  retirement  take  place  within  one  year.     Similarly  for  the 
year  x  + 1  to  x  +  2,  we  have, 

and  so  on.     We  may  write, 

1^(M?-4C?)='M? 

and  £'Ii™=*R2 

and  we  have  for  prospective  pensions  in  respect   of  all  future 

sTLra 
salaries  yr^-. 

116.  Here  present  salary  is  assumed  to  be  5X  ;  but,  as  before, 
it  is  more  convenient  to  deal  with  a  salary  of  100.  This  is 
effected  by  substituting  SDX  for  Dx  in  the  denominator.  Thus 
we  have, 

■'fr« 

rjfra ^x 

117.  This  factor  gives,  in  respect  of  a  salary  of  100,  increasing 

according  to  scale,  the  value,  due  to  future  salaries,  of  a  pension 

of  1  per-cent  of  average  salary  for  each  year  of  membership.     If 

there  be  n  members,  all  aged  x,  with  salaries  aggregating  S,  then 

g 
the  value  for  all  of  them  is  ^n  x'F™. 

118.  To  effect  the  valuation,  we  must  multiply  the  numbers 
in  column  5  of  Schedule  IV  by  the  corresponding  values 
of  /Yr",  and  again  multiply  the  grand  total  by  *4. 

119.  Both  as  regards  past  and  future  salaries,  we  have  found 
the  value  of  a  pension  of  1  per-cent,  and  from  this  we  can  pass 
to  any  other  percentage.  Thus,  if  the  rules  provide  for  a  pension 
of  one-sixtieth  of  average  salary  for  each  year  of  membership,  we 
have  merely  to  multiply  the  final  result  by  1*667. 

120.  The  valuation  factor  in  paragraph  116  provides  for 
proportionate  pensions  in  respect  of  broken  years  of  membership, 
but  frequently  the  rules  allow  only  completed  years  to  count.  It 
is  easy  so  to  construct  the  formula  as  to  fit  into  this  regulation. 
In    paragraph    115    we   must  omit    the    term    £C™,  and    write 

^Mr;  =  s_1M'L   and   SS-1M™=S"1R?.      Then    the   valuation 

s-lp   ra 

factor  to  be  multiplied  into  the  salaries  at  age  x  is      s    *+1 . 
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121.  From  the  foregoing  it  is  seen  that  pensions  calculated 
on  the  plan  so  far  discussed  can  be  dealt  with  in  a  very  simple 
manner ;  but  rarely  are  such  pensions  met  with  in  practice. 
Usually  there  is  a  maximum  limit  to  the  pension,  which  is  often 
two-thirds  of  the  average  salary  ;  and  almost  always  a  member 
is  not  eligible  for  pension  if  he  retire  during  the  first  few  yens 
of  membership,  generally  ten.  Also,  occasionally,  the  per- 
centage of  average  salary  given  as  pension  is  not  uniform  for 
each  year  of  membership.  For  instance,  in  a  recent  case,  tin- 
following  were  the  figures  : — 

Specimen   Pension   Scale. 


Completed 

Years  of 

Membership 

Pension 
in  percentage 

ol  Average 
Salary 

Completed 

Tears  of 

Membership 

Pension 

in  percentage 
of  A\  • 
Salarj 

10 

25 

25 

43 

11 

26 

26 

44 

12 

27 

27 

45 

13 

28 

28 

46 

14 

29 

29 

47 

15 

30 

30 

48 

16 

32 

31 

50 

17 

34. 

32 

52 

18 

35 

33 

54 

19 

36 

34 

56 

20 

37 

35 

58 

21 

38 

36 

60 

22 

39 

37 

62 

23 

40 

38 

64 

24 

42 

39 

66 

40 

66| 

and  over 

122.  "When  these  complications  exist,  a  different  method  of 
valuation  must  be  followed,  and  account  must  be  taken,  not  only 
of  age  attained,  but  also  of  age  at  entry.  The  actuarial  theory 
is  not  more  difficult,  but  the  amount  of  arithmetical  work  entailed 
is  greater. 

123.  We  shall  now  assume  a  Fund  providing  pensions  on  the 
following  plan : — 

(a)  No  pension   if  retirement  take  place  within  a  fixed 

number  of  years,  say  ten,  from  entry. 

(b)  The  proportion  of  average   salary  allowed  as  pension 

to  increase  with  duration  of  membership,  either 
regularly,  say  one  sixtieth,  or  one  fiftieth,  for  each 
completed  year;  or  irregularly,  as  in  the  specimen 
scale  given  in  paragraph  121. 
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(c)  A  maximum  proportion,  say  two-thirds,  of  average 
salary,  to  be  allowed  as  pension  after  a  given  term 
of  membership. 
124-.  With  such  conditions  we  cannot  deal  with  past  and 
future  salaries  separately,  because  the  percentage  of  each  year's 
salary  allowed  as  pension  does  not  remain  uniform.*  Thus,  if  the 
rule  give  one-fiftieth  for  each  year,  with  a  maximum  of  two-thirds, 
the  maximum  will  be  reached  on  completion  of  thirty-four  years. 
In  the  case  of  a  member  aged  40  who  entered  at  20,  should  he 
retire  at  any  age  below  54  he  will  take  one-fiftieth,  or  two 
per-cent,  of  each  year's  salary  as  pension  ;  but  should  he  retire 
at  age  60  he  will  take  only  1'667  per-cent  of  each  year's  salary, 
or,  should  he  retire  at  65,  only  1481  per-cent.  Therefore, 
seeing  that  the  percentages  change  for  past  as  well  as  for  future 
salaries,  we  cannot  treat  past  salaries  as  in  paragraphs  113  and 
114,  or  future  salaries  as  in  paragraphs  115  and  116.  We  must 
proceed  in  a  way  somewhat  similar  to  that  explained  in 
paragraphs  57  to  61  when  we  were  discussing  a  special  form 
of  death  return. 

125.  Let  x  be  the  attained  age,  and  y  the  age  at  entry.  As 
in  paragraph  55,  let  yzx  be  the  average  scale  salary  from  the 
commencement  up  to  age  x,  so  that,  if  x  —  y  =  t, 

1 

Also  let  K(  be  the  scale  percentage  of  average  salary  which  will 
be  paid  as  pension  on  retirement  in  the  year  of  age  x  to  x+1. 
Finally,  as  before,  let  C™=r*.trr+*.aar+|. 

126.  The  commutation  function  for  the  value  of  the  prospective 
pension  in  respect  of  the  first  year  following  age  x  is 

•<  XKtX  100' 
which   we  may  write  ^C™;  and,  in  respect  of  the  second  year, 

Cra     v  *■*        v   yZx+1     nr  ~Cra      • 
Oz+i  X  Kf+\  X     -,qq-)  OT  yKjx+i  , 

and  so  on.  Writing  now  zyM™  for  S^C™,  and  inserting  the 
denominator  for  a  present  salary  of  100,  we  have  the  total  value 
of  prospective  pension  for  every  possible  year  of  retirement 

*  See,  however,  the  Addendum,  page  176,  and  the  Postscript,  page  179, 
where  methods  are  explained  by  which  past  and  future  salaries  can  be  treated 
separately. 

M    2 
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127.  This  is  the  valuation  factor,  and  gives,  for  an  entrant  at 

age  y,  who  is  now  aged  x,  and  is  enjoying  a  present  salary  of 

100,   the  value   of  future    pension    according   to    scale,    and    it 

includes  full  pension,  and  not  merely  1  per-cent,  for  both  past 

and  future  salary.     If  there  be  n  members,  who  all  entered  at 

age  y,  and  are  now  aged  x,  and  who  are  drawing  salaries  to  the 

aggregate  of  S,  the   value  of  all  their  prospective  pensions  is 

S 
u$rr'  x  tt^K'     In  making  the  valuation  we  multiply  the  numbers 
9  100 

in  column  3  of  Schedule  II,  by  the  appropriate  valuation  factors, 

and  multiply  the  grand  total  of  the  results  by  *4. 

128.  The  calculation  of  the  factors  is  to  a  certain  extent 
laborious,  but  not   difficult.      We  prepare  a  complete   table   of 

log   *'* ,  as  explained  in  paragraph  57.     The  values  of  log  C™ 

must  be  written  on  a  slip,  and  at  the  younger  ages,  where  C™  is 
zero,  blanks  must  be  left,  so  as  to  guide  us  in  placing  the  slip  in 
position.  The  values  of  log  nt  must  also  be  written  on  a  slip, 
again  with  blanks  at  the  early  years  where  k  is  zero.     The  two 

slips  are  then  placed  in  position  on  the  table  of  log  -t£\>  and,  by 

lateral  addition  of  three  numbers,  the  values  of  log  £C™  are 
formed.  This  column  in  the  process  of  formation  is  written  on 
the  left  of  a  sheet,  with  age  at  entry  at  the  top  and  age  attained 
at  the  side;  and  from  it,  by  successive  easy  operations,  the  values 
of  v¥™  are  formed.  In  passing  from  log  *M™  to  log  „F™,  we 
employ  another  movable  slip,  giving  the  values  of  colog  SDX.  A 
specimen  of  the  whole  work,  taken  from  a  recent  case,  is  given  in 
Table  4,  page  188,  but  the  actual  figures  do  not  relate  to  the 
Fund  of  which  the  statistics  have  been  so  far  used  by  way  of 
illustration. 

129.  Where  there  is  a  maximum  limit  to  the  pension,  injustice 
is  committed  in  certain  cases,  when  the  pension  is  based  on 
average  salary  during  the  whole  of  membership.  For  instance, 
take  two  members,  A  and  B,  A  entering  at  age  20.  and  B  at 
age  30,  and  each  drawing  salary  according  to  scale  throughout 
membership ;  and  let  the  scale  of  pensions  be  2  per-cent  of 
average  salary  for  each  year,  with  a  maximum  of  two-thirds. 
The  maximum  is  reached  in  34  years.  Now  let  both  members 
retire  at  age  64.  A  will  take  two-thirds  of  average  salary 
calculated  from  30  to  64,  and  B  two-thirds  calculated  from 
20  to  64,  and  thus  the  pension  of  A  will  be  greater  than  that 
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of  B,  although  his  term  of  service  has  been  ten  years  shorter, 
and  he  has  contributed  less  to  the  Fund.  To  remove  the  anomaly 
the  pension  should  be  calculated  as  a  percentage  of  the  average 
salary,  of  the  last  34  years  only,  of  membership ;  but  in  that 
case  the  formula  of  paragraph  126  would  not  apply.  The 
valuation  would  have  to  be  made  on  the  principles  set  forth  in 
the  following  paragraphs. 

B. — Pensions  based  upon  Terminal  Salaries. 

130.  Instead  of  being  calculated  on  average  salaries  throughout 
membership,  pensions  frequently  depend  on  the  salary  of  the  last 
completed  year,  or  on  the  average  salary  of  the  last  three,  or  five, 
or  seven,  completed  years,  before  retirement.  The  salary  thus 
assumed  as  the  basis  of  pension  we  shall  style  terminal  salary, 
and  denote  by  zx.  Thus,  if  the  average  salary  of  the  last  three 
completed  years  is  to  be  taken, 

Sx—3  T  Sx— 2    I    Sx_  ] 

131.  We  shall  now  assume  a  Fund  providing  pensions  on  the 
following  plan — 

(a)  No  pension  if   retirement  take  place  within  a  fixed 

number  of  years,  say  10,  from  entry. 

(b)  The  pension  to  be  calculated  on  terminal  salary,  that 

is,  on  the  average  salary  of  the  last  m  completed 
years  of  membership,  m  being  any  number  from 
unity  upwards ;  and  the  proportion  to  increase  with 
duration  of  membership,  either  regularly,  say  one- 
sixtieth  for  each  completed  year,  or  irregularly  as  in 
the  specimen  scale  given  in  paragraph  121. 

(c)  A  maximum  proportion,  say  two-thirds,  of  terminal 

salary,  to  be  allowed  as  pension  after  a  given  term  of 
membership. 

132.  Here,  as  was  the  case  when  we  were  dealing,  in 
paragraphs  121  to  128,  with  limited  pensions  based  upon  average 
salary,  we  must  treat  each  age  at  entry  separately ;  but  the  work 
is  a  good  deal  easier,  because,  with  terminal  salaries,  zx  is  the 
same  for  all  ages  at  entry,  and  only  one  column  of  the  values  of 

log  r-^r  is  required,  instead  of  a  separate  column  for  each  age  at 
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entry.     Consequently,  there  is  also  required  only  one  column  of 

log  rC"'  for  all  ages  at  entry,  :C','  being  r, .  tf  +  * .  dx+  $ .  ^~  .     There 

is  but  one  exception,   namely,   when   pensions  are   of  the   class 
discussed  in   paragraph    129,  and  when   therefore  m  is  a  large 

number.     In  such  case,  a  separate  column  of  log  lfjk  is  required 

for  each. 

133.  As  before,  let  x  be  the  attained  age,  and  y  the  entry 
age;  and  let  Kt  (where  t  =  x—y)}  be  the  scale  percentage  of 
terminal  salary,  zx,  which  will  be  paid  as  pension  on  retirement 
in  the  year  of  age  x  to  x+1. 

134.  The  function  for  the  value  of  the  prospective  pension  in 
respect  of  the  first  year  following  age  x  is  ZC™  x/ct,  which  we 
may  write  £C™j  and,  in  respect  of  the  second  year,  *C/£i  X  k^.\ , 
or^Cr+i;  and  soon.  Writing  now  ^M™=£yC™,  and  inserting 
the  denominator,  sDa.,  for  a  present  salary  of  100,  we  have  the  total 
value  of  prospective  pension  for  every  possible  year  of  retirement, 

135.  This  is  the  valuation  factor,  and  gives,  for  an  entrant  at 

age  y,  who  is  now  aged  x,  and  is  enjoying  a  present  salary  of  100, 

the   value  of   future   pension    according    to    scale.     It    includes 

pension  for  both  past  and  future  salaries.     If  there  be  n  members, 

who  all   entered   at  age  y,  and  are  now  aged  x,   and  who  are 

drawing  salaries  aggregating  S,  the  value  of  all  their  prospective 

S 
pensions  is  r~  XyWx-     For  the  valuation  we  use  column  3  of 

Schedule  II,  as  in  paragraph  127. 

136.  The  calculation  of  the  factors  is  effected  very  much  in 
the  same  way  as  explained  in  paragraph  128,  for  the  similar 
function  relating  to  average  salaries.  The  difference  is  that,  for 
the  present  function,  we  first  form  a  column  of  the  values  of 
log  *(J™,  which  is  the  same  for  all  ages  at  entry  unless  m  be  very 
large ;  and  that,  in  passing  from  log  ~C'."  to  log  jjC™,  we  have  a 
lateral  addition  of  only  two  numbers  instead  of  three.  Thereafter, 
the  two  processes  are  identical,  and  the  specimen  working  sheet 
given  in  Table  4,  page  60,  applies  to  both. 

137.  When  pensions  based  on  average  salaries  are  taken  on 
the  conditions  discussed  in  paragraphs  129,  they  virtually,  as  we 
have  seen,  come  under  the  terminal  salary  plan ;  only  that  the  m 


1905.]  On  Staff  Pension  Funds.  167 

of  paragraph  131,  subsection  (b),  is  to  a  certain  extent  a  variable, 
with  an  upper  limit  determined  by  the  number  of  years  of 
membership  which  must  elapse  before  the  maximum  rate  of 
pension  is  reached. 

138.  Mr.  Manly  (J.I.A.,  xxxvi,  249)  remarks  that,  "  it  may 
"  appear  strange,  but  it  is  a  fact,  that  the  valuation,  when  the 
"  pension  is  based  on  last  received  salary  and  number  of  years' 
{t  service,  is  more  laborious  than  when  the  annuity  is  based  on 
"  average  salary  and  number  of  years'  service."  This  is  true 
when  the  pensions  are  of  the  uncomplicated  character  defined  in 
paragraph  111,  that  is,  when  they  are  free  from  limitations  of 
every  kind.  But  the  sweet  simplicity  disappears  the  moment 
limiting  conditions  are  introduced.  Then,  pensions  based  on 
terminal  salaries  are  more  easy  to  manipulate  than  those  based 
on  average  salaries  (see  paragraph  136).  The  limitations 
mentioned  in  paragraph  123,  are  almost  universally  met  with  in 
practice. 

139.  When  the  maximum  pension  is  reached  only  after  a 
long  term  of  service,  say  40  or  45  years,  it  may  be  proper  in 
some  cases  to  ignore  it  and  employ  the  easy  formulas  for 
unlimited  pensions  investigated  in  paragraphs  112  to  120.  The 
upper  limit  will  affect,  and  that  but  slightly,  only  those  who 
enter  younger  than  about  age  25,  and  with  some  Funds  these  are 
very  few.  In  using  the  simpler  formulas  we  ignore  also  the  absence 
of  pension  when  retirement  from  ill-health  takes  place  within 
the  first  few  years  of  service,  but  the  liability  to  be  assigned  to 
such  very  early  pensions  is  not  great.  The  pensions  would  be  few 
in  number ;  they  would  of  necessity  be  small;  and,  on  account 
of  the  high  rate  of  mortality,  their  value  would  be  at  a  minimum. 
By  adopting  the  somewhat  indolent  course  of  employing  the 
simpler  formulas,  we  overstate  to  a  certain  extent  the  liability, 
and  perhaps  that  is  not  a  disadvantage.  Nevertheless,  in  the 
majority  of  instances,  it  is  preferable  to  be  enterprising,  and  to 
employ  the  more  accurate  methods,  even  should  they  involve  a 
little  extra  trouble. 

140.  We  have  throughout  assumed  that,  even  at  the  oldest 
age  in  the  Service  Table,  retirements  are  uniformly  distributed 
over  the  year  of  age,  and  thus  we  have  rejected  the  idea  of  an 
absolutely  fixed  pension  age.  This,  so  far  as  my  own  experience 
extends,  is  in  accordance  with  general  custom.  Should  there  be, 
however,  an  absolute  pension  age,  say  u,  beyond  which  none  can 
remain  on  the  active  list,  the  formulas  and  methods  are   still 
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applicable,  with  only  one  slight  modification.  For  C™  we 
have  merely  to  write  lu.vu.au,  instead  of  ru.vu  +  )>  ,au+\,  for 
the  term  at  which  the  summations  commence,  and  all  the  other 
processes  remain  unchanged. 


Section  IX. 
Returns  on  Death  after  Superannuation. 

141.  A  provision  is  frequently  found  in  the  rules  of  Pension 
Funds  that,  if  death  occur  after  the  pension  has  been  entered  on, 
but  before  the  amount  of  pension  received  has  equalled  the  total 
contributions  paid,  then  the  balance  of  the  contributions  shall  be 
returned  to  the  representatives  of  the  deceased  annuitant. 

142.  To  find  the  value  of  such  return  is  a  problem  that  does 
not  admit  of  a  mathematically  exact  solution.  When  we  are 
concerned  only  with  ordinary  deferred  annuities  of  fixed  amount, 
and  at  fixed  premiums,  Mr.  Manly  has  shown  that  formulas  may 
be  devised  to  meet  the  purpose.  But  in  Staff  Pension  Funds, 
both  annuities  and  contributions  are  of  variable  amount,  depending 
on  variable  salaries ;  and,  moreover,  the  amount  of  the  annuity 
also  depends  on  the  duration  of  membership.  Returns,  also,  are 
made  on  withdrawal  or  death  before  pension,  and,  at  any  rate  as 
regards  withdrawals,  part  of  the  contributions  paid  in  respect  of 
departing  members,  is  left  in  the  Fund  to  supplement  the 
pensions  of  those  who  remain.  We  must  therefore  discard 
mathematical  formulas,  and  resort  to  empirical  methods,  treating 
each  case  on  its  merits  according  to  circumstances.  We  shall 
arrive  at  a  solution  sufficiently  exact  for  practical  purposes ;  and, 
if  we  take  care  that  such  error  as  there  may  be  shall  be  on  the 
safe  side,  nothing  more  is  required. 

143.  It  would  be  endless  to  attempt  to  deal  with  all 
the  possible  conditions  of  this  problem,  but,  by  taking  one 
example,  every  useful  purpose  will  be  served.  We  shall  assume  a 
Fund,  with  contributions  of  5  per-cent  of  salary,  half  payable  by 
the  members,  and  half  by  the  Company,  but  the  whole  to  be 
taken  into  account  in  estimating  the  value  of  the  return.  AVe 
shall  also  assume  that  pension  is  to  be  at  the  rate  of  2  per-cent 
of  average  salary  for  each  completed  year  of  membership,  with 
a  maximum  of  two-thirds  of  such  average  salary ;  and  it  will  be 
convenient  to  employ  the  scale  salaries  given  in  Table  3. 

144.  The     following     statement     supplies      the      necessary 
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particulars  for  decennial  ages  at  entry,  and   decennial   terms  of 
service,  and  it  is  sufficient  for  the  present  purpose. 


Age 

at 

Entry 

Years' 
Service 

Total 

Salary 

Average 
Salary 

Pension 

Total 
Contributions 

Number 
of  Years' 
Purchase 

15 

10 

473 

473 

95 

237 

2-50 

20 

1,409 

70-5 

28-2 

70-5 

2-50 

30 

2,777 

926 

556 

138-9 

2-50 

40 

4,387 

109-7 

73-1 

219-4 

300 

50 

6,197 

123-9 

82-6 

309-9 

3-75 

25 

10 

936 

93-6 

18-7 

46-8 

2-50 

20 

2,304 

115*2 

461 

1152 

2-50 

30 

3,914 

130-5 

78-3 

195-7 

2-50 

40 

5,724 

143-1 

95-4 

2862 

3-00 

35 

10 

1,368 

136-8 

27-4 

68-4 

2-50 

20 

2,978 

148-9 

59-6 

1489 

2-50 

30 

4,788 

1596 

95-8 

239-4 

2-50 

45 

10 

1,010 

1610 

32-2 

80-5 

2-50 

20 

3,420 

1710 

68-4 

171-0 

2-50 

145.  The  number  of  years'  purchase  is  obtained  by  dividing 
the  total  contributions  by  the  pension,  and  in  this  particular 
example  it  is  always  2'50,  except  when  the  maximum  rate  of 
pension  is  reached,  when  it  is  greater.  Seeing  that  the  number 
of  years'  purchase  is  greatest  with  the  largest  pensions,  we  must 
not  assume  an  average  value  too  small,  but  here  we  shall  be  safe 
if  we  take  three  years. 

146.  It  therefore  appears  that,  for  three  years  after  entering 
on  pension,  a  decreasing  assurance  is  required.  Assuming  an 
annuity  of  unity  payable  quarterly,  then  in  the  first  year, 

3-00  will  be  at  risk  for  three  months, 
2-75  for  a  second  three  months, 
2-50  for  a  third  three  months, 
and       2'25  for  a  fourth  three  months, 

making,  on  the  average,  2-625  for  a  year.  Similarly,  in  the 
second  year,  l-625  will,  on  the  average,  be  at  risk  for  a  year; 
and,  in  the  third  year,  0-625. 

147.  With  our  specimen  Fund  the  rate  of  mortality  is 
9  per-cent  down  to  age  50,  and  less  at  the  higher  ages,  so  that 
at  65  it  becomes  only  73  per-cent.  The  higher  the  rate  of 
mortality,  the  greater  is  the  value  of  the  return  we  are  seeking ; 
and  we  must  not  assume  an  average  value  too  low;  but,  seeing 


170  On  Staff  Pension  Funds.  [April 

that  the  majority  of  pensions,  both  as  regards  number  and 
amount,  are  taken  at  the  higher  ages,  we  shall  be  safe  in  this 
instance  in  assuming  an  average  rate  of  mortality  of  8  per-cent. 
We  shall  also  take  interest  at  4  per-cent,  a  very  usual  rate  with 
Pension  Funds. 

148.  The  single  premium  for  the  risk  is  therefore, 

For  the  first  year      w*  x  08  x  2625  =  -206 

„       second  year  v1+*x  -92  x  -08x1-625     =-113 
„       third  year     u2+>  x  (-92)2  x  -08  x  0-625  =  -038 

Total  single  premium  for  the  risk   =  -357 

The  value  at  pension  age  of  an  annuity  of  unity  is,  throughout, 
owing  to  the  peculiar  rate  of  mortality,  about  7'7 ;  and,  the 
single  premium  for  the  risk  being  *357,  it  is  equal  to  467,  or, 
say  4-75  per-cent  of  the  value  of  the  annuity.  We  shall  therefore 
make  ample  allowance,  in  this  instance,  for  the  special  return,  if 
we  increase  the  estimate  of  liability  for  prospective  pensions  by 
4j  per-cent.  Were  pensions  calculated  on  last,  instead  of 
average,  salary,  we  should  find  that  an  increase  of  about 
3  per-cent  of  the  reserve  would  be  sufficient.  The  pensions 
would  be  larger,  while  the  contributions  would  remain  the  same. 
Therefore  the  return  would  be  less. 

Section  X. 
Calculation  of  Rates  of  Contribution. 

149.  When  a  Fund  is  to  be  started,  and  the  intending 
members  have  formulated  the  benefits  they  desire,  the  actuary  is 
sometimes  asked  to  quote  the  percentage  of  salary  necessary 
to  provide  them.  Theoretically  the  question  is  not  difficult,  but 
in  practice  it  scarcely  admits  of  trustworthy  solution.  Ample 
latitude  should  therefore  be  given  in  the  rules  for  revision, 
when  the  experience  of  the  Fund  itself  has  had  time  to 
accumulate.  As  we  have  already  seen,  it  is  not  safe  to  apply 
to  one  Fund  the  data  derived  from  another,  which,  notwithstanding 
a  superficial  appearance  of  similarity,  may  really  differ  widely. 
Moreover,  even  if  the  statistics  be  extracted  of  the  particular 
staff  itself,  for  a  period  of  years,  that  is  only  an  uncertain  guide ; 
because  the  introduction  of  a  defined  system  of  pensions  may 
greatly  affect  the  rates  of  withdrawal  and  retirement.  Therefore 
the  following  enquiry  applies  more  to  the  adjustment  of  the  rates 
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of  contribution  for  new  entrants  into  a  Fund  long  established, 
than  to  the  preparation  of  the  rules  of  one  about  to  be  started. 

150.  In  the  foregoing  Sections  all  the  valuation  factors  that 
have  to  do  with  the  future,  and  only  these  now  concern  us,  relate 
to  a  salary  of  100;  and,  therefore,  in  using  them  to  determine 
the  contributions  required  to  provide  certain  definite  benefits,  we 
obtain  the  percentage  of  contributions  for  salaries  of  any  other 
amount,  and  no  further  adjustment  is  necessary.  It  is  generally 
the  case  that  at  a  few  of  the  younger  ages  at  entry  the  ordinary 
contribution  of  5  per-cent  is  sufficient,  or  even  a  little  more  than 
sufficient,  to  provide  the  benefits ;  but  that,  from  perhaps  age  25 
at  entry,  an  extra  is  required.  Should  the  members  themselves 
pay  the  whole  of  the  contributions,  then  approximately  accurate 
graduation  according  to  age  is  important,  because  it  would  not  be 
fair  to  one  set  of  members  if  we  were  to  make  them  contribute 
to  the  benefits  of  another  set.  But  when  the  employer  pays 
a  substantial  proportion,  it  is  necessary  only  to  see  that  the 
contributions  as  a  whole  are  sufficient,  because,  under  such 
circumstances,  none  of  the  employees  subscribe  sufficient  to 
provide  their  own  pensions  and  returns,  and  the  employer 
is  perfectly  entitled  to  say  that  he  pays  his  quota  for  the  good  of 
the  service  as  a  whole,  and  not  merely  for  that  of  individuals. 

151.  The  rules  of  Funds  being  of  almost  infinite  diversity,  it 
would  not  be  practicable  to  give  formulas  for  every  possible  scale 
of  benefits  ;  nor  is  that  necessary.  If  a  few  typical  examples  be 
selected,  the  principles  adopted  in  their  solution  will  be  equally 
applicable  to  others.  We  shall  therefore  assume  a  Fund,  granting 
pensions  according  to  a  definite  scale,  with  returns  on  death 
or  withdrawal  before  superannuation,  and  charging  ordinary 
contributions  of  five  per-cent  on  salaries,  and  such  extra 
contributions   as  may  be   required  to  maintain  solvency. 

152.  Example  1.  A  Fund  grants  unlimited  pensions  as 
discussed  iu  paragraphs  111  to  120,  and  is  to  charge  such 
a  rate  of  contribution  as  may  be  required,  half  payable  by 
the  members  and  half  by  the  Company.  Let  c  be  the  percentage 
of  contribution,  and  k  the  percentage  of  pension  calculated  on 
average  salary.  Also,  let  the  whole  of  the  contributions  be 
returnable  on  death  before  pension,  and  half  only,  that  is  the 
member's  portion,  on  withdrawal.  Then,  equating  the  value 
of  the  contributions  to  the  value  of  the  benefits,  we  have, 

c  x'F;  =  k  x-'F  :  +  cr£i+  ¥&£), 
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_  k  xf¥™ 

whence  c____g__. 

If  there  be  a  return  on  death  after  pension,  as  discussed  in 
paragraphs  141  to  148,  Yj  must  be  multiplied  by  the 
appropriate  ratio.     This  remark  applies  to   all  the  examples. 

153.  Example  2.  Instead  of  taking  the  factor  for  unlimited 
pensions,  we  may  substitute  one  suitable  to  other  conditions. 
Let  the  pensions  be  as  discussed  in  paragraphs  131  to  134, 
while  the  returns  remain  as  in  Example  1.     Then, 

~P>-a 

whence  c  =  /n_(/F/+rFy}  • 

Here  the  pension  factor  (F'j'(  includes  within  itself  the  full 
pension,  and  not  merely  1  per-cent  of  salary,  and  therefore 
the  coefficient,  k,  is  not  required.  This  form  is  general,  and 
includes  pensions  of  all  kinds  discussed  in  the  present  paper,  and 
therefore,  without  further  explanation,  we  shall  adhere  to  it  in 
the  remaining  examples. 

154.  Example  3.  Let  the  Company  contribute  2£  per-cent 
on  the  salaries,  and  the  members  the  balance  of  whatever  total 
contributions  may  be  required;  and  let  the  whole  of  the 
contributions  be  returnable  on  death  before  pension,  but  only 
the  member's  portion  on  withdrawal.     Then, 

c  x  'F?= rF~+ c  x  ■'•p;  +  (C-2-5KF;; ; 

,  _   ,.F'?-2-5x  •'']?? 

whence  c  -  /F.__(/j*  +  /pg  ■ 

Here  we  may  very  possibly  find  that  at  some  of  the  younger 
ages  at  entry  c  comes  out  less  than  5  per-cent.  In  such  case  we 
adopt  5  per-cent,  and  the  Fund  will  make  a  much  needed  small 
gain  from  the  young  new  entrants.  Only  by  repeated  trial  can 
we  ascertain  the  age  at  which  the  turn  takes  place,  and  c  begins 
to  exceed  5  per-cent. 

155.  Example  4.  Let  the  conditions  be  as  in  Example  3, 
only  let  the  extra  contributions  be  non-returnable ;  that  is,  let 
only  5  per-cent  be  returnable  on  death,  and  2|  per-cent  on 
withdrawal.     Then, 

c  x  fYcv=xYraa  +  5  x  n£  +  2-5  x  1* ; 

«F~+5x/B2+2-6x/E5 


whence 


c  = 


Again,  at  the  younger  ages  c  may  come  out  less  than  5  per-cent. 
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156.  Example  5.  Let  the  return  on  death  be  of  the  special 
form  discussed  in  paragraphs  54  to  65,  and  let  the  member's 
ordinary  contributions  at  2£  per  cent,  but  not  the  extra,  be 
returnable  on  withdrawal.     Then, 

c  x  ■'¥*= ,,F7  +  ,.F;,'  +  2-5  x  •'  F; ; 

/F'.;.<  +  ,F;<  +  2-5x'F.? 


whence 


•'F' 


Here,  the  valuation  factor  rF'  includes  the  whole  death  return, 
and  does  not  call  for  a  numerical  coefficient. 

157.  In  all  the  foregoing  examples  we  have  assumed  that  the 
returns  are  to  be  without  interest ;  but  if,  on  death,  interest 
is  to  be  allowed,  we  have  merely  to  employ  the  valuation 
factor -T*  or'F'j/,  instead  af'FJ. 

158.  Example  6.  Sometimes  the  question  of  paragraph  149 
is  reversed,  and,  the  rates  of  contribution  and  the  returns  having 
been  fixed,  the  actuary  is  asked  what  scale  of  pensions  can  be 
allowed.  If  the  pensions  are  to  be  of  the  unlimited  description 
of  paragraphs  111  to  120,  the  answer  is  simple.  From  the 
equation  in  Example  1  we  have  merely  to  find  k  instead  of  c. 
The  equation  becomes — 

k  x  f^=cx  'Fr-cfF*  +  VF;;.) ; 

whence  k=  f      ' . 

159.  When,  however,  pensions  are  of  any  other  description 
the  question  cannot  be  answered  so  easily.  For  instance,  if  the 
present  rules  provide  pensions  at  the  rate  of  one-fiftieth  of 
average  salary  for  each  year  of  membership,  with  a  maximum  of 
two-thirds,  and  if  there  be  a  deficiency,  we  cannot  by  solving  an 
equation  say  what  reduction  in  the  percentage  of  pension  will 
bring  about  solvency,  because,  by  reducing  the  percentage,  we 
prolong  the  term  of  service  which  must  elapse  before  the 
maximum  rate  of  pension  is  reached,  and  so  disturb  the 
proportion.  Only  a  fresh  valuation  will  disclose  the  effect  which 
a  change  in  the  scale  of  pensions  will  produce,  and  this  is  a 
lengthy  process.  By  comparing  two  valuations,  however,  an 
actuary  of  mature  experience  may  be  able  to  judge  what 
change  in  the  scale  of  pensions  should  be  adopted. 
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Concluding  Remarks. 

160.  In  bringing  this  paper  to  a  close,  it  may  be  well  to 
emphasize  the  fact  that  it  is  not  based  merely  on  theoretical 
investigation.  The  majority  of  the  formulas  discussed  have  been 
practically  applied,  or  rather,  were  worked  out  in  detail  to  meet 
the  circumstances  of  actual  cases  that  presented  themselves. 
Perhaps  the  most  salient  feature  is  the  method  of  valuing 
prospective  pensions,  and  certain  other  benefits,  by  taking 
account,  not  only  of  the  age  attained,  but  also  of  the  age  at 
entry.  It  may  be  objected  that  that  method  involves  a  considerable 
amount  of  scheduling  and  arithmetical  work  ;  but  that  is  more  in 
appearance  than  in  reality.  The  method,  on  the  other  hand, 
secures  simplicity  and  certainty,  and  so  amply  compensates  for  the 
small  additional  labour  incurred.  No  complicated  adjustments 
are  required,  and  all  confusion  is  avoided.  No  one  who  is  averse 
to  trouble  should  undertake  the  valuation  of  Staff  Pension  Funds. 
But,  after  all,  when  the  operations  have  been  reduced  to  a  well 
devised  system,  carefully  formulated  in  advance,  they  can  be 
carried  out  speedily  and  accurately,  by  assistants  who  have  had 
no  special  technical  training;  and  I  can  testify,  from  an  experience 
which  has  not  been  of  very  limited  extent,  that  difficulties  vanish 
when  they  are  boldly  faced.  A  few  extra  days  devoted  by  the 
clerical  staff  to  the  valuation  of  a  large  Fund,  are  well  spent  when 
the  results  come  out  clearly  and  intelligibly,  without  having  to  be 
put  through  further  processes. 

161.  So  far  from  thinking  that  the  principle  of  involving  the 
age  at  entry  has  been  carried  to  extreme,  I  believe  that  it  will 
have  to  be  still  further  extended  in  the  not  distant  future.  We 
shall  be  driven,  in  dealing  with  retirements,  to  construct  what 
may  be  called  "  select "  tables.  When  there  is  an  optional  age, 
which  is  often  60,  for  retirement,  it  is  not  until  a  Fund  has  been 
long  established  that  the  full  effect  of  the  force  of  retirement  is 
felt.  At  the  end  of  twenty  years,  only  those  who  entered  at  the 
outset  at  age  40  or  over  will  be  entitled  to  claim  pension  ;  and, 
unless  pressure  be  brought  to  bear  on  them,  they  will  prefer  to 
remain  longer  on  the  active  list,  because  the  pensions  to  which 
they  would  be  entitled  would  be  small.  Also,  the  directors  will 
hesitate  to  superannuate  compulsorily  the  employee,  if  to  do  so 
would  consign  him  to  comparative  penury.  But  when  a  Fund 
has  been  established  for  forty  years  or  more,  the  same  considera- 
tions will  not  prevail.     An  ever-increasing  number  of  members 
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will  have  become  entitled  to  the  maximum  rate  of  pension,  and 
neither  employer  nor  employed  will  have  much  scruple  in  taking 
advantage  of  the  benefits  of  the  Fund.  We  may  therefore  be 
certain  that  the  rate  of  retirement  at  and  over  the  optional  age 
will  prove  to  be  heavier  among  those  who  enter  early  in  life  than 
among  those  who  enter  late;  but  this  feature  is  masked  when  we 
rely  upon  only  "aggregate"  tables.  None  of  the  Funds  which 
have  passed  through  my  hands  have  existed  long  enough  to 
render  feasible  the  application  of  the  select  method  to  the  rate  of 
retirement,  but  the  time  is  rapidly  approaching  when  efforts  in 
that  direction  will  have  to  be  made. 

162.  In  conclusion,  a  final  point  should  be  mentioned. 
There  is  one  limitation  in  the  benefits  which  has  not  so  far  been 
discussed,  mainly  because  it  has  been  absent  from  the  rules 
of  the  Funds  which  have  been  the  occasion  of  this  paper. 
Sometimes  returns  of  contribution  on  withdrawal  or  death  are 
not  permitted  until  the  member  has  contributed  for  a  certain 
number  of  years,  often  ten  ;  but,  after  the  preliminary  term, 
returns  date  back  to  the  commencement  of  membership.  When 
this  provision  exists,  the  formulas  of  the  paper  overstate  the 
value  of  the  returns.  Nevertheless,  it  will  be  the  shortest  and 
simplest  process  to  employ  these  formulas,  which  are  used  in 
conjunction  with  Schedule  IV,  and  then  to  apply  an  adjustment 
by  means  of  an  extension  of  Schedule  II.  To  Schedule  II 
should  be  added  columns  for  Past  Contributions,  and  these 
columns  should  be  filled  in,  if  not  fully,  at  any  rate  in  respect 
of  all  those  who  have  not  completed  the  stipulated  term  of 
membership.  A  brief  calculation  will  then  give,  for  each  age 
at  entry,  the  value  of  the  return  during  the  preliminary  period; 
and  the  total  of  such  value  for  all  ages  at  entry  will  have  to 
be  deducted  from  the  gross  value  found  from  Schedule  IV. 
This  method  is  not  more  laborious,  and  is  much  more  satisfactory, 
than  to  assume  an  average  age  at  entry.  In  fact,  it  gives 
absolutely  accurate  results. 

163.  The  valuations  of  Staff  Pension  Funds  afford  a  remarkable 
illustration  of  the  powers  of  the  Commutation  Column  method, 
and  of  the  many  directions  in  which  it  may  be  extended.  To  the 
genius  of  Mr.  Pi.  P.  Hardy  the  conception  of  the  development  is 
due ;  and  I  end,  as  I  began,  by  saying  that  he  has  worthily 
earned,  and  will  certainly  receive,  the  gratitude  of  the  profession. 
It  has  not  been  possible  to  discriminate,  as  the  paper  proceeded, 
the  formulas  which,  as  they  stand,  were  actually  derived  from  him, 
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because    the    majority  of  them    have    undergone  a   process  of 

evolution.    I    beg    of    him,   therefore,   to    accept  this    general 
acknowledgment. 

164.  Mr.  Manly's  services,  also,  in   giving  us  the    effective 

weapon  of  the   ratios  of  the  salaries,  to  take  the  place  of  the 
salaries  themselves,  must  not  be  forgotten. 


ADDENDUM. 
165.  In  paragraphs  123  to  128,  when  we  discussed  pensions 
based  on  average  salaries,  but  with  limitations,  and  increasing 
sometimes  irregularly,  we  ignored  the  actual  past  salaries,  and 
formed,  by  what  may  be  called  method  No.  1,  valuation  factors 
based  on  the  assumption  that  all  current  salaries  had  reached 
their  present  amount  by  increments  according  to  scale.  This 
assumption  is  not  entirely  satisfactory,  and  should  be  avoided  if 
possible ;  because  past  salaries  are  actual  realized  facts,  to  be 
brought  into  account  whenever  practicable,  if  the  utmost  attainable 
accuracy  is  to  be  secured.  I  had  not  been  able  to  evolve  a 
formula  by  means  of  which  this  could  be  done ;  but  since  the 
paper  was  set  up  in  type  the  question  has  had  further  consideration, 
and  I  have  succeeded  in  devising  what  may  be  called  method 
No.  2,  which  is  a  plan  whereby,  with  a  certain  amount  of  clerical 
labour,  the  desired  result  will  be  produced.  The  difficulties  in 
the  way  are  set  forth  in  paragraph  124,  and  these  had  to  be 
overcome. 

166.  In  solving  the  problem,  we  divide  the  investigation 
into  two  sections,  and  find  separately  the  value  "of  prospective 
pensions  due  to  past  and  to  future  salaries  respectively,  just  as  we 
did  in  paragraphs  111  to  120,  when  considering  pensions  without 
complications.  The  method  will  apply  to  all  pension  scales  where 
the  pensions  are  in  any  way  limited  or  irregular.  The  pensions, 
after  a  given  term  of  membership,  may  increase  by  regular 
gradations,  say  one-sixtieth  of  average  salary  for  each  completed 
year  of  membership,  with  a  maximum  percentage  ;  or  they  may 
increase  irregularly,  as  in  the  illustrative  scale  given  in  paragraph 
121.  The  form  of  the  scale  must,  however,  be  altered,  so  as  to 
give  the  ratio  of  the  pension  to  total  salary,  instead  of  the 
percentage  to  average  salary.  If  t  be  the  completed  years  of 
membership,  and  Kt  the  corresponding  percentage  of  average 
salary,  the  function  to  be  involved  in  the  formulas  is   therefore 

r-~, ,  which  we  may  write  k  t. 
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Past  Salaries. 

167.  Three  ages  have  to  be  dealt  with,  namely — the  original 
age  at  entry,  y ;  the  age  at  valuation,  x  ;  and  the  age  which  will 
be  completed  just  before  the  pension  is  entered  on.  This  last  we 
may  call  x  +  m.  We  shall  take  t  as  the  total  completed  years  of 
membership  from  the  original  age  at  entry,  y,  to  the  age  at 
retirement,  x  +  m,  so  that  x  +  vi  —  y  +  t. 

168.  Representing  first  the  total  past  salaries  by  unity,  the 
value    of    the    prospective    pension    to    be    entered    on    in    the 

Cr<!     x  K  i 
year    following    age    x  +  m    is       x+™ •        We    may    write 

C    .  ,  x  K't  =  yCj'+m ;  and  when  we  take  the  sum  for  all  values  of  m, 

*  Mr 

which  we  may  write   ,,M..  ,  we  have  y     x    for  the  value  of  the 

prospective  pension  to  be  entered  on  at  any  future  time.  This  is 
the  factor  for  valuing  prospective  pensions  due  to  past  salaries,  so 
that  we  have 

169.  If  there  be  n  members,  now  aged  x,  who  all  entered  at 
age  y,  and  whose  aggregate  past  salaries  amount  to  S,  the  value 
of  all  their  prospective  pensions  due  to  past  salaries  is  S  x;,)F™. 

170.  To  use  the  formula,  we  must  in  Schedule  II  include  a 
column  giving  the  total  past  payments  at  2\  per-cent.  To  effect 
the  valuation  we  multiply  these  past  payments  at  each  age  by  the 
corresponding  factor,  and  then  multiply  by  40  the  grand  total  of 
the  results. 

171.  To  form  the  table  of  ^F™,  we  prepare  a  movable  slip 
giving  the  values  of  log /c',,  and  another  giving  those  of  logC™; 
and  then,  placing  the  slips  side  by  side  into  position  regulated 
according  to  age  at  entry,  y,  we  calculate,  by  lateral  addition  of 
two  numbers,  the  column  of  logyC™.  Table  No.  4  supplies  a 
type  of  the  remaining  calculations. 

Future  Salaries. 

172.  The  pension  clue  to  future  salaries,  to  emerge  in 
the  year  following  age  x  +  m,  is  based  upon  the  salaries 
sx  +  sx+1+  .  .  .  +**+n»_ij  which  we  may  write  2™_1s.  Omitting 
the  denominator,  its  value  is  Cj|„,xS"'"^x«V  For  this  we 
may  adopt  the  symbol  »Cj+m3  and,  for  the  sum  for  all  values  of  m 
from  unity  upwards,  2,M'r'.     This  summation  is  like  that  adopted 

VOL.    XXXIX.  N 
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for  the  terminal  form  of  the  usual  N  column,  and  does  not  at 
age  x  include  the  term  involving  C£a.  That  is  because  fractional 
years  do  not  count,  and  no  pension  accrues  in  respect  of  the 
salary  of  the  last  broken  year. 

173.  Inserting  the  denominator,  the  value  of  the  pension, 
due  to  future  salaries,  of  a  member  who  entered  at  age  y,  and 
who    is    at    present   aged  x}  and  is   drawing  a  salary  of  sX)  is 

2M™ 

■y    *  .     Passing,    as    usual,    to    a    salary  of   100,    we   have    the 
-L'.f 

valuation  factor, 

2Mm 
fpra=  Sr 


174.  If  there  be  n  members  aged  x,  who  all  entered  at  age  y, 
and  who  are  at  present  drawing  salaries  aggregating  S,  the  value 
of  all    their   prospective    pensions    due    to    future    salaries   is 

^r  x-fyYxa .     To  effect  the  valuation  we  multiply  the  numbers  in 

column  3  of  Schedule  II  by  the  corresponding  valuation  factors, 
and  multiply  the  grand  total  of  the  results  by  '4. 

175.  To  form  {F^*,  we  construct  a  table  of  S™_1s,  which 
will  contain  a  column  for  each  present  age  x.  This  is  done 
by  starting  from  age  x,  and  summing  the  column  of  scale 
salaries  successively  from  above  downwards,  setting  sx  against 
age  x+1;  sx  +  sx+1  against  age  x  +  2;  and  so  on.  The 
logarithms  of  these  numbers  are  taken  and  entered  in  columns 
on  a  sheet,  the  age  x  at  the  top,  and  the  age  x  +  m  at  the 
side.  Then,  by  means  of  the  two  movable  slips  giving  respectively 
log  C.7  and  log  k  t,  we  form,  by  the  lateral  addition  of  three 
numbers,  the  values  of  log  2C™-  In  the  process,  the  position  of 
the  slip  of  log  Cxa  must  be  regulated  by  the  valuation  age,  x,  and 
that  of  the  slip  of  log  k  t  by  the  age  at  entry,  y.  The  operation 
of  passing  from  log  |C™  to  £F™  will  take  the  form  of  Table  4. 

176.  In  constructing  the  table  of  ^F™  we  have  already 
formed  the  values  of  log  C'xa  -f  log  k',,  but  these  cannot  be  used 
conveniently  in  the  present  connection,  because  to  do  so  would 
necessitate  the  lateral  addition  of  numbers  appearing  in  columns 
contained  in  two  complete  tables.  It  is  more  easy  in  practice  to 
do  the  work  by  means  of  movable  slips. 

177.  The  method  of  valuation  No.  2  involves  nearly  double 
the  labour  of  No.  1,  because  two  sets  of  factors  have  to  be 
prepared,   and  two  subsequent   sets  of  multiplications   effected, 
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but  by  No.  2  we  have  somewhat  greater  probability  of 
accuracy.  It  would  be  interesting  to  value  a  large  Fund  in 
both  ways,  and  compare  the  results.  I  doubt  very  much  whether 
the  possible  gain  in  accuracy  would  be  found  to  be  sufficient  to 
compensate  for  the  additional  work  and  expense.  It  will  be 
noticed  that  the  effects  of  the  methods  are  identical  as  regards 
future  salaries,  only  that  in  No.  1  these  are  involved  in  one 
formula  with  past  salaries.  It  is  only  as  regards  the  measure  of 
liability  in  respect  of  past  salaries  that  the  methods  differ. 


POSTSCRIPT. 


178.  Fortunately,  I  showed  a  proof  of  this  Addendum  to  my 
friend,  Mr.  E.  C.  Thomas,  and  he  has  brought  to  my  notice  a 
shorter  and  more  elegant  way,  due  to  Mr.  Manly,  of  finding  the 
value  of {F™. 

179.  Let 


and  *-JR™=2*-}M™. 

s—l~Ort 

Then  f¥ra  =     -      +1 

180.  This  value  of  the  factor  is  identical  with  that  given  in 
paragraph  173,  but  is  arrived  at  by  a  much  briefer  process.  We 
can  use  the  tables  already  prepared  in  calculating  ^F^',  and  we 
are  spared  all  the  trouble  of  computing  the  table  of  logS™_1s. 
Moreover,  the  formulas  are  brought  into  strict  analogy  with  those 
for  pensions  without  limitations,  discussed  in  paragraphs  113-114 
and  120;  only  that  now  we  give  effect  to  the  age  at  entry, 
whereas  in  the  other  case  that  was  not  necessary.  This  harmony 
is  in  itself  a  decided  advantage. 

181.  Method  No.   1,  paragraphs   123   to   128,   involved  the 

troublesome   construction    of   a  table  of  log  fr^,    but  by  this 

improvement  of  Method  No.  2  that  is  no  longer  required.  The 
labour  of  preparing  the  two  sets  of  factors  for  the  improved 
Method  No.  2  cannot,  therefore,  be  greater  than  that  of 
preparing  the  one  set  for  Method  No.  1.  Thus,  there  can  be  no 
doubt  but  that,  for  the  future,  the  improved  Method  No.  2  will 
hold  the  field. 

N  2 
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18*-2.  I  understand  that  the  improved  method  No.  2  was 
employed  by  Mr.  Manly  and  Mr.  Thomas  in  a  recent  valuation, 
but  it  has  never  heretofore  been  published.  I  therefore  retain  the 
demonstrations  in  paragraphs  123  to  128  of  the  Paper,  and  in 
the  Addendum,  as  a  matter,  perhaps,  of  historical  interest, 
and  to  vindicate  my  claim  to  originality,  but  not  to  priority. 
Messrs.  Manly  and  Thomas,  I  am  told,  used  the  formula  with  an 
average  age  at  entry,  which  was  perfectly  appropriate  under  the 
circumstances  with  which  they  had  to  deal.  But  with  the  cases 
which  have  fallen  to  my  lot,  as  illustrated  in  Table  I,  where  the 
range  of  ages  at  entry  was  so  extended,  an  average  age  at  entry 
was  impossible  ;  and  therefore  it  was  imperative  that  each  age 
at  entry  should  be  treated  separately  according  to  the  methods 
emphasized  throughout  this  Paper.  Here,  again,  we  have  an 
excellent  example  of  the  fact  that  each  Fund  must  be  dealt  with 
on  its  own  merits. 


KEY   TO  THE   NOTATION. 
Service  Table. 

lr  =  Number  remaining  on  the  Active  List  at  age  x. 
w,=  „  withdrawing  between  ages  x  and  x+  1. 
ds-        „        dying  „  „  „ 

rx=        „        retiring  on  Pension  between  ages  x  and  x+l. 

q';  =  Rate  of  Withdrawal. 

q'l  =  Hate  of  Mortality. 

<7^.=  Rate  of  Retirement  on  Pension. 

Sala7'ies. 

s(.  =  Scale  Salary  drawn  in  year  of  age  x  to  x+1. 
jix— Average  of  Scale  Salaries  from  age  y  to  age  x,  where  y 

is  entry  age,  and  x  age  attained. 
zx= Terminal  Salary.     (See  paragraph  130.) 
%™~1s  =  sJC  +  sx+1  +  8cc.  +  sJC+m_1. 

Kt  =  Percentage  of  Salary  taken  as  Pension  on  Retirement 
in  year  t  to  /  +  1 . 

'  _    K< 
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Interest. 

i  =  Valuation  Rate  of  Interest. 

y  =  llate  of  Interest  other  than  the  Valuation  Rate. 

2 n  1  -J-  y 

J  =  - — i  =  Special  Rate  of  Interest,  wheufl  +  J)_1=  — -<. 
1+,/        1  l  +  l 

p*=(i +,•)-*. 
«*=(i  +;)-'■.     . 

General  Commutation  Symbols. 

D ,  =  D r+4  =  »*+  *(,+*  =  2  (D*  +  Dx  w),  approximately. 

«D.t.  =  D,xs,.x-01. 

*D,=D,xs,x01. 

Future  Contributions. 

J "F^.  =  -,NJ.H--SDJ.=  Factor  for  valuing  Future  Contributions. 

Returns  on  Withdrawal,  without  Interest. 
C'°=vx+ixwx. 

M';=SC';. 

/'F'r=iM^.H-DJ.=  Factor  for  valuing    Withdrawal    Returns   of 
Past  Contributions. 

>&xy/C»XSxX-0l. 

*M%=M»xsxx01. 

/F»=*jj»-i-*DJ.=Factor   for  valuing  Withdrawal  Returns  of 
Future  Contributions. 

Returns  on  Death,  without  Interest. 
J%=tf+*xdm. 

pF^=Mf-HDa.= Factor   for  valuing  Death    Returns    of  Past 

Contributions. 
°Cx=Gixsxx-0l. 
>M.i=Mxxsxx-01. 

Ff=6'R^H-'Dx=:  Factor  for  valuing  Death  Returns  of  Future 
Contributions. 
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Special  Death  Return.     (See  paragraphs  54  to  65.) 

Av  =  Proportion  of  average  salary  to  be  returned  on  death  in 
the  /th  year  from  entry. 

iCi  =  vx+>  xdxx  k,  x  ,*,+,  x  -01 . 

X ;^x  ■ 

yF£=jM£-r-*Dx=Factor  for  valuing  Special  Death  Return. 
Here  y  represents  the  age  at  entry,  and  x  the  age 
attained. 

Returns  on  Death,  with  Compound  Interest  at  Rate  i. 
•U*=v*+ixQ4-ldx)xsxx-01. 

/F£"=*R*-5-*Dx=Factor  for  valuing  Death  Returns  of  Future 
Contributions,  with  Compound  Interest  at  Rate  i. 

,Z£=(t*+*  xsyX  -01  +  vy+1+i  x  sy+l  x  -01  +  &C., 

+tr»-i+ix*«_iX-01). 

SH'= X* *'  *  =  Factor  for  valuing  Death  Returns  of   Past 

Contributions,  with  Compound  Interest  at  Rate  i. 

Returns  on  Death,  with  Compound  Interest  at  Rate  j. 

ciJ=^/,.x(i+j)-  •»■-- . 

MiJ=Mf-iC'iJ. 
»R*=^tt*ii*  x"M£  x  sx  x  -01 . 

/F*=*Rf-*-«Dx= Factor  for  valuing  Death  Returns  of  Future 
Contributions,  with  compound  interest  at  Ratej. 

JZi  =  [u*+*  xsyx  -01  +  uy+i  +  >  x  sy+1  x  -01  +  fee., 

+  ux-1  +  >xsx_iX  -01). 

£F*=  "****"«  =  Factor  for  valuing  Death  Returns  of  Past 

Contributions,  with  Compound  Interest  at  Rate  J. 
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Returns  on  Death,  with  Simple  Interest. 

'2R£=B£  x  sx  x  01  +  11*+,  x  sx+l  x  -01  +  &c. 

Zjl'i  x,'x  'SR' 
fFf= — x    sTid — —  =  Factor  for  valuing  Death   Returns    of 

Future  Contributions,  with  Simple  Interest.  Here 
the  Factor  has  the  same  symbol  as  with  Compound 
Interest,  but  confusion  cannot  result,  because 
Compound  and  Simple  Interest  will  not  both  occur 
in  the  same  Fund. 

Pensions. 

[M™=(M~-£C~)xsxx-01. 
»-1M~=M~x*x_1x-01. 

j-1R'xrt=^-1M;rt. 

/^  =  Percentage  of  Salary  to  be  paid  as  Pension. 

Average  Salaries.      Unlimited  Pensions. 

''F'j  =M'jH-Da.  =  Factor  for  valuing  Prospective  Pensions  due 
to  Past  Salaries. 

/F™  =  4R™H-?Dr=  Factor  for  valuing  Prospective  Pensions 
due  to  Future  Salaries,  when  fractional  years 
count. 

/Fr^=i-1RJ'+rt1^-^DJ  =  Factor  for  valuing  Prospective  Pensions 
due  to  Future  Salaries,  when  fractional  years 
do  not  count. 

Average  Salaries.     Pensions  with  Limitations. 
*C7=C™x**Xy*xx-01. 

J,F'^  =  *M'xrt-=-sDJ.  =  Factor  for  valuing  Prospective  Pensions 
due  to  both  Past  and  Future  Salaries,  in  respect 
of  Members  now  aged  x,  who  entered  at  age  y. 
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nra     nru      v     i 

yMrxa  =  tyC'xa+m  for  all  values  of  m. 

PI^B=yM^,-r-DB=Factor  for  valuing  Prospective  Pensions  due 
to  Past  Salaries,  in  respect  of  Members  now  aged 
x,  who  entered  at  age  y. 

y^x+m  —  ^x+m  X  ^x      S  X  K  , . 

*M7=23Q&.  for  all  values  of  m. 

■'„}?'';'=  yMx'-±-s~Dx=Yactor   for  valuing   Prospective  Pensions 
due  to  Future  Salaries,  in  respect  of  Members  now 
aged  x,  who  entered  at  age  y. 
Or 

^yM^=sx_ixyM'x\ 

s—IJi  ra 5^— lTVTra 

fyF?=s-l'Rrx%1+'I)x=  Factor,  as  above. 


Terminal  Salaries.     Pensions  ivith  Limitations. 
*C™=ra  x  v*+*  x  dx+i  x  zx  x  01. 

yC'x'  =  ^XKt. 

~M-=2;C-. 

yFrxx=lM.rxl-^-8J)x= Factor  for  valuing  Prospective  Pensions 
due  to  both  Past  and  Future  Salaries,  in  respect 
of  Members  now  aged  x,  who  entered  at  age  y. 
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Table  1. — Actual  Experience. 


(1) 

(2) 

(3 

)                    (4 

)                   (5) 

(6) 

(7) 

(8) 

Age 

Survivors 

Entr 

ants     'Vithd 

-awal.s      Deaths 

Retirement* 

Existing 

Age 

bx 

n 

X                   «" 

r                 &x 

rx 

ex 

11 

1 

11 

2 

9 

1 

"l 

2 

3 

0 

14 

7                    ! 

!1 

2 

3 

4 

36 

87 

6                    i 

14                     4 

45 

4 

15 

102 

1,48 

S                  2- 

14                     4 

175 

15 

6 

193 

1,13 

7                  2« 

)8                     5 

311 

6 

7 

240 

71 

0                  3! 

S3                     8 

379 

7 

S 

249 

43 

7                  3! 

!2                   11 

425 

8 

9 

215 

28 

2                  2) 

>7                   13 

407 

9 

20 

187 

21 

1                  2< 

6                   14 

342 

20 

1 

172 

19 

6                  2- 

!2                   10 

330 

1 

2 

150 

16 

1                  1, 

S3                    9 

303 

2 

3 

132 

13 

5                  1' 

18                  11 

258 

3 

4 

137 

13 

6                  1 

21                    11 

247 

4 

25 

147 

10 

1 

)S                  10 

i 

229 

25 

6 

142 

9 

7 

52                    6 

1 

235 

6 

7 

136 

8 

4 

34                    5 

1 

237 

7 

8 

116 

8 

1 

)2                    9 

3 

222 

8 

9 

113 

6 

7 

j7                    4 

198 

9 

30 

109 

C 

8 

55                    6 

i 

169 

30 

1 

104 

6 

9 

38                    7 

2 

181 

1 

2 

107 

7 

6 

58                    7 

2 

163 

2 

3 

89 

b 

1 

29                    6 

136 

3 

4 

98 

4 

8 

30                    8 

3 

165 

4 

35 

88 

5 

4 

31                    5 

1 

161 

35 

6 

73 

5 

7 

22                    4 

1 

165 

6 

7 

76 

4 

8 

23                    6 

1 

159 

7 

8 

73 

3 

5 

28                    6 

140 

8 

9 

63 

4 

5 

L8                    6 

i 

131 

9 

40 

60 

4 

0 

16                    3 

3 

126 

40 

J 

55 

2 

8 

11                    3 

2 

131 

1 

2 

56 

3 

5 

15                     4 

1 

117 

2 

3 

4S 

3 

0 

1                     5 

3 

109 

3 

4 

50 

2 

3 

9                     7 

3 

107 

4 

45 

59 

2 

1 

4                     4 

1 

97 

45 

6 

40 

1 

6 

8                    7 

87 

6 

7 

43 

8 

5                    5 

i 

86 

7 

8 

47 

7 

4                    7 

4 

78 

8 

9 

45 

5 

7                    4 

3 

77 

9 

50 

30 

6 

6                    6 

2 

62 

50 

1 

29 

1                    7 

3 

57 

1 

2 

30 

3                    7 

2 

53 

2 

3 

23 

3                     5 

5 

48 

3 

4 

22 

1                     6 

2 

48 

4 

55 

22 

1                     4 

3 

52 

55 

6 

13 

1                     5 

4 

35 

6 

7 

16 

1                     6 

4 

35 

7 

8 

13 

1                       4 

4 

34 

8 

9 

14 

4 

8 

29 

9 

60 

12 

1 

23 

21 

60 

1 

16 

4 

11 

17 

1 

2 

13 

3 

12 

16 

2 

3 

4 

4 

S 

7 

3 

4 

8 

2 

8 

10 

4 

65 

4 

2 

11 

7 

65 

6 

8 

2 

15 

3 

6 

7 

7 

1 

8 

4 

7 

S 

6 

2 

7 

1 

8 

9 

5 

1 

7 

9 

9 

70 

3 

1 

11 

i 

70 

1 

2 

2 

6 

i 

1 

2 

1 

2 

l 

2 

3 

1 

2 

3 

3 

4 

3 

3 

i 

4 

75 

1 

i 

2 

76 

Totals 

4,162 

7,13 

6                3,2* 

>3                 326 

213 

7,476 

Totals 

loo  Un  totajf  Pension  tunas.  [April 

Tahle  2. — Rates  of  Withdrawal,  Mortality,  and  Superannuation 
of  Members  on  the  Active  List;  and  Bates  of  Mortality 
of  Pensioners.     Also  Scale  Salaries. 


Age 

Active  List 

Pensioners' 

Rate  of 
Mortality 

per-cent 

Scale 
Salary 

Age 

Rate  of 
Withdrawal 

Rate  of 
Superannuation 

Kate  Of 
Mortality 

per-cent 

per-cent 

per-cent 

10 

10 

19-62 

■18 

14 

11 

17-90 

•20 

16 

11 

12 

1642 

•22 

18 

12 

13 

14-99 

•24 

20 

13 

14 

13-70 

•26 

22 

14 

15 

12-55 

•28 

24 

15 

16 

11-55 

•30 

27 

16 

17 

10-62 

•32 

32 

17 

18 

9-80 

•34 

37 

18 

19 

9-17 

•38 

44 

19 

20 

8-58 

•41 

51 

20 

21 

805 

•44 

57 

21 

22 

7-45 

... 

•46 

62 

22 

23 

6-79 

•46 

67 

23 

24 

6-07 

•46 

72 

24 

25 

5-35 

•03 

■44 

9-00 

76 

25 

26 

464 

•05 

•43 

900 

80 

26 

27 

402 

•06 

•42 

900 

84 

27 

28 

3-53 

•07 

•41 

9-00 

87 

28 

29 

315 

•08 

•41 

900 

91 

29 

30 

2-85 

•10 

•42 

9-00 

95 

30 

31 

2-64 

•10 

•44 

9-00 

99 

31 

32 

2-49 

•11 

•45 

900 

103 

32 

33 

2-38 

•11 

•46 

900 

108 

33 

34 

2-30 

•11 

•46 

9-00 

113 

34 

35 

2-24 

•11 

•46 

9-00 

118 

35 

36 

218 

•11 

•46 

900 

123 

36 

37 

2-11 

•12 

•46 

900 

128 

37 

38 

202 

13 

•46 

9-00 

133 

38 

39 

1-90 

•15 

•46 

9-00 

137 

39 

40 

177 

•18 

•48 

9-00 

141 

40 

41 

1-62 

•21 

•51 

9-00 

144 

41 

42 

1-47 

•22 

•56 

900 

146 

42 

43 

1-31 

•23 

•63 

900 

148 

43 

44 

118 

•24 

•70 

900 

150 

44 

45 

1-06 

•25 

•79 

9-00 

152 

45 

46 

1-00 

•26 

•88 

900 

154 

46 

47 

•95 

•31 

•97 

9-00 

156 

47 

48 

•91 

•38 

107 

9-00 

158 

48 

49 

•87 

•48 

116 

9-00 

160 

49 

50 

•81 

•55 

1-26 

9-00 

162 

50 

51 

•74 

•64 

1-38 

8-89 

164 

51 

52 

•66 

•67 

1-48 

8-77 

166 

52 

53 

•59 

•76 

1-58 

8-66 

168 

53 

54 

•51 

•86 

1-67 

8-55 

170 

54 

55 

•44 

•98 

1-74 

8-43 

172 

55 

56 

•35 

1-60 

1-82 

832 

174 

56 

57 

•25 

2-64 

1-91 

8-21 

176 

57 

58 

•15 

4-50 

202 

8-09 

178 

58 

59 

•05 

5-74 

217 

7-98 

180 

59 

60 

14-00 

233 

7-86 

182 

60 

Gl 

8-79 

2-50 

7-75 

184 

61 

62 

10-15 

264 

7-64 

186 

62 

63 

10-88 

2-75 

7-52 

188 

63 

64 

1305 

2-79 

741 

190 

64 

65 

24-00 

2-83 

730 

192 

65 

66 

3000 

2-91 

718 

194 

66 

67 

42-00 

3-07 

7-07 

196 

67 

68 

::: 

96-64 

3-36 

696* 

198 

68 

*  At  bit 


her  ages  of  Pensioners,  the  rate  of  mortality  is  that  shown  by  the 
English  Life  Table  No.  3,  Males. 
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Age 

Remaining  on 

Active  List 

Withdrawals 

Deaths 

Pensio 

tted   nTotal  f 
Decrement 

Age 

10 

100,000 

19,620 

180 

19,800 

10 

11 

80,200 

14,356 

161 

14,517 

11 

12 

65,683 

10,785 

145 

10,930 

12 

13 

54,753 

8,207 

132 

8,339 

13 

14 

46,414 

6,358 

121 

6,479 

14 

15 

39,935 

5,012 

112 

5,124 

15 

16 

34,811 

4,021 

104 

4,125 

16 

17 

30,686 

3,259 

98 

3,357 

17 

18 

27,329 

2,678 

93 

2,771 

18 

19 

24,558 

2,252 

93 

2,345 

19 

20 

22,213 

1,906 

91 

1,997 

20 

21 

20,216 

1,627 

89 

1,716 

21 

22 

18,500 

1,379 

85 

1,464 

22 

23 

17,036 

1,157 

78 

1,235 

23 

24 

15,801 

959 

73 

1,032 

24 

25 

14,769 

791 

65 

4 

t       860 

25 

26 

13,909 

615 

60 

t 

r               712 

26 

27 

13,197 

531 

55 

i 

$       594 

27 

28 

12,603 

444 

52 

j 

)       505 

28 

29 

12,098 

380 

50 

11 

)       440 

29 

30 

11,658 

332 

49 

IS 

2       393 

30 

31 

11,265 

297 

49 

15 

I                 358 

31 

32 

10,907 

272 

49 

IS 

2        333 

32 

33 

10,574 

252 

48 

12 

2       312 

33 

34 

10,262 

236 

47 

1. 

L       294 

34 

35 

9,968 

223 

46 

i: 

L       280 

35 

36 

9,688 

211 

45 

l. 

L       267 

36 

37 

9,421 

198 

44 

l 

L       253 

37 

38 

9,168 

185 

43 

15 

2       240 

38 

39 

8,928 

170 

41 

i: 

I                 224 

39 

40 

8,704 

154 

42 

U 

5       211 

40 

41 

8,493 

138 

43 

U 

I                 199 

41 

42 

8,294 

122 

46 

1! 

I                 186 

42 

43 

8,108 

106 

51 

1< 

)       176 

43 

44 

7,932 

94 

56 

15 

)       169 

44 

45 

7,763 

82 

62 

1< 

)       163 

45 

46 

7,600 

75 

67 

2( 

)       162 

46 

47 

7,438 

71 

72 

2. 

I                 166 

47 

48 

7,272 

65 

78 

2$ 

)       172 

48 

49 

7,100 

62 

82 

3- 

t       178 

49 

50 

6,922 

56 

87 

35 

i                181 

50 

51 

6,741 

50 

93 

4J 

i                 186 

51 

52 

6,555 

43 

97 

4- 

1       184 

52 

53 

6,371 

38 

101 

■a 

J       187 

53 

54 

6,184 

32 

103 

5; 

i                 188 

54 

55 

5,996 

26 

105 

51 

)       190 

55 

56 

5,806 

20 

106 

95 

2       218 

56 

57 

5,588 

14 

107 

14i 

I                 269 

57 

58 

5,319 

8 

107 

23< 

)       354 

58 

59 

4,965 

3 

108 

28, 

>       396 

59 

60 

4,569 

106 

64( 

)       746 

60 

61 

3,823 

95 

33( 

3       431 

61 

62 

3,392 

90 

34- 

t       434 

62 

63 

2,958 

81 

322 

J       403 

63 

64 

2,555 

72 

33, 

i                 405 

64 

65 

2,150 

61 

511 

3       577 

65 

66 

1,573 

46 

47: 

I                 518 

66 

67 

1,055 

32 

44. 

1                475 

67 

68 

580 

19 

56 

L       580 

68 

188 
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Table  4. — Pension  Factors, 


Age 
attained 

Age  at  Entry  25 

Age 
attained 

X 

lncr  *  Ora 
lOg  OS*-'  X 

zrtra 
25^  x 

25  *>•  a: 

log.jMrx" 

logfflF? 

25r  X 

X 

25 

25 

377,090 

5-57645 

1-95212 

89-56 

26 

377,090 

5-57645 

1-97293 

9396 

26 

27 

377,090 

5-57645 

1-99159 

98-08 

27 

28 

377,090 

5-57645 

201339 

10313 

28 

29 

377,090 

5-57645 

2-02867 

106-82 

29 

30 

377,090 

5-57645 

2-04311 

110-44 

30 

31 

377,090 

5-57645 

205711 

11405 

31 

32 

377,090 

5-57645 

207097 

117-75 

32 

33 

,,, 

377,090 

5-57645 

2-08089 

12047 

33 

34 

377,090 

557645 

2-09127 

123-39 

34 

35 

2-5534 

358 

377,090 

5-57645 

210213 

12651 

35 

36 

25944 

393 

376,732 

5-57603 

2-11309 

12974 

36 

37 

2-6352 

432 

376,339 

5'57558 

2-12450 

133-20 

37 

38 

2-7101 

513 

375,907 

5-57508 

2-13623 

136-85 

38 

39 

2-7786 

601 

375,394 

5-57449 

2-15132 

141-68 

39 

40 

2-8716 

744 

374,793 

5-57379 

216618 

146-62 

40 

41 

2-9759 

946 

374,049 

5-57293 

2-18388 

152-71 

41 

42 

2-9990 

998 

373,103 

5-57183 

2-20412 

160-00 

42 

43 

3-0138 

1,106 

372,105 

5-57067 

2-22393 

167-47 

43 

44 

3-0606 

1,150 

370,999 

5-56937 

2-24337 

175-13 

44 

45 

30731 

1,183 

369,849 

5-56802 

2-26265 

183-08 

45 

46 

3-1099 

1,288 

368,666 

5-56663 

2-28183 

191-35 

46 

47 

3-1812 

1,518 

367,378 

5-56511 

230110 

200-03 

47 

48 

32916 

1,957 

365,860 

5-56331 

2-32060 

209-22 

48 

49 

3-3700 

2,344 

363,903 

5-56099 

2-34024 

218-90 

49 

50 

3-4269 

2,672 

361,559 

5-55818 

2-36010 

229-14 

50 

51 

3-4885 

3,080 

358,887 

5-55496 

2-38010 

239-94 

51 

52 

3-5055 

3,203 

355,807 

5-55121 

2-40026 

251-34 

52 

53 

35493 

3,5 12 

352,604 

5-54729 

2-42054 

263-35 

53 

51 

3-5974 

3,957 

349,062 

5-54290 

2-44098 

27605 

54 

55 

3-6482 

4,448 

345,105 

5-53795 

2-46139 

28933 

55 

56 

3-8443 

6,987 

340,657 

5-53232 

2-48176 

303-22 

56 

57 

4-0530 

11,300 

333,670 

5-52332 

2-50145 

31729 

57 

58 

4-2623 

18,290 

322,370 

5-50835 

2-52003 

33115 

58 

59 

4-3388 

21,820 

304,080 

5-48299 

2-53677 

344-17 

59 

60 

4-6892 

48,890 

282,260 

5-45065 

2-55276 

357-08 

60 

61 

4-4072 

25,540 

233,370 

5-36805 

2-55986 

36296 

61 

62 

4-4140 

25,140 

207,830 

5-31771 

2-57381 

374-81 

62 

63 

4-3801 

24,010 

181,890 

525081 

2-58775 

38703 

63 

64 

4-3887 

24,470 

157,880 

5-19833 

2-60232 

400-21 

64 

65 

4-5710 

37,240 

133,410 

5-12519 

2-61662 

413-64 

65 

66 

4-5118 

32,490 

96,170 

498304 

2-62271 

419-48 

66 

67 

4-4621 

28,980 

63,680 

4-80400 

2-62972 

426-30 

67 

68 

4-5403 

34,700 

34,700 

4-54033 

2-63850 

435-01 

68 
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Schedule  I. 
Detailed  Particulars  for  Valuation.      Age  at  Entry 


Age 
Attained 

(1) 

Register 
X  timber 

(2) 

Past  Costkibvt: 

Per- 
centagi 

of 
Extra 

(6) 

Amount 

of 

Extra 

(7) 

Member 
(3) 

Extra,  if  any 
(4) 

(5) 
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Schedule  II. 

Prospective  Pensio?is. 
Particulars  for  Valuation.       Age  at  Entry.. 


Age 
Attained 

(1) 

Number  of 
Members 

(2) 

Adjusted  2J%of 
Salaries 

(3) 

Valuation 
Factor 

(4) 

Product 
(5) 

N.B. — It  may  sometimes  be  necessary  to  include  in  this  Schedule  columns 
for  Past  Contributions.     See  paragraphs  162  and  165  to  182. 
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Schedule  III. 

Intermediate  Schedule.        Contributions  and  Returns. 

Particulars  for  Valuation.        Age  Attained. 


Ajre  at 

Number  of 
Members 

(2) 

Past  Contribctioxs 

Adjusted  Contributions 

Entiy 
0) 

Members'  2'_ 
(3) 

Extra 
(4) 

of  Salaries 
(5) 

Extra 
(6) 

* 
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Schedule  IV. 
Contributions  and  Returns.       Particulars  for  Valuation. 


Aj,'e 
Attained 

(1) 

Number  of 
Members 

(2) 

Past  Contributions 

Adjusted  Contributions 

Members'  2J  % 
<*> 

Extra 
(4) 

2i  %  of  Salaries 
(5) 

Extra 
(6) 
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Absteact  of  tiie  Discussion. 

Mr.  G.  J.  Lidsto>~e  said  he  felt  sure  he  was  only  expressing 
the  opinion  of  the  meeting  when  he  said  that  the  paper  added 
to  their  already  great  indebtedness  to  Mr.  King,  and  that  it 
would  certainly  take  high  rank,  even  when  judged  hy  that  very 
exacting  standard,  his  own  previous  work.  Until  four  years  ago, 
when  Mr.  Manly's  paper  was  read,  the  Journal  contained  no  reference 
to  this  very  interesting  and  important  subject.  Those  of  them  who 
had  the  privilege  of  knowing  Mr.  R.  P.  Hardy — to  whom  Mr.  King 
paid  a  generous  tribute,  in  which  they  would  all  wish  to  join — were 
well  aware  that  the  literature  of  the  subject  was  contained  in  his 
reports  and  notebooks,  and  many  were  the  efforts  made  to  induce 
him  to  publish  his  methods  for  the  benefit  of  others,  but  without 
success.  The  Institute  was  fortunate  in  having  the  subject  dealt 
with  by  two  actuaries  of  the  eminence  of  Mr.  Manly  and  Mr.  King, 
who  had  left  the  marks  of  their  own  individuality  upon  it.  He  had 
almost  said,  dealt  with  in  duplicate,  for  their  papers  covered  very 
much  the  same  ground,  although  each  took  up  problems  which  were  not 
dealt  with  by  the  other.  Probably  students  would  have  to  read 
these  papers  together,  because  even  when  the  same  subject  was  dealt 
with  by  both  it  was  frequently  treated  in  a  different  manner. 
Mr.  King  had  introduced  a  new  development  of  an  interesting 
character,  in  the  use  of  select  tables  dealing  with  the  different  ages 
at  entry ;  and  this,  while  it  increased  the  numerical  work,  frequently 
simplified  the  results.  He  had  also  simplified  the  formulas  by 
dealing  with  functions  in  the  middle  of  the  year,  and  thus  obviated 
troublesome  adjustments.  Further,  he  had  simplified  many  of  the 
demonstrations  by  using — although  he  had  not  expressly  stated — 
a  principle  which  was  of  very  general  application.  When  they  had 
to  apply  the  commutation  method  to  benefits  involving  average 
salary  or  total  contributions,  there  were  two  courses  open.  (1)  They 
could  deal  with  each  future  year,  and  consider  for  that  year  the 
amount  of  benefit  which  would  be  payable.  This  would  involve  a 
preliminary  summation  of  the  salary  or  the  contributions  from  the 
age  at  entry  y  to  the  valuation  age  x.  (2)  They  might  fix  their 
attention  on  the  benefit  arising  from  the  salary  or  contributions  of 
a  given  year,  and  consider  the  present  value  of  that  benefit  for  all 
the  future  years  in  which  it  might  emerge.  This  would  involve  a 
preliminary  summation  of  commutation  functions  from  the  valuation 
age  x  to  the  end  of  life.  It  would  be  found  that,  in  the  case  of 
future  benefits  arising  from  past  salaries  or  contributions,  the  first 
method  was  the  simpler,  but  the  second  was  better  for  benefits  in 
respect  of  future  salaries  or  contributions.  Mr.  Thomas's  improved 
solution  of  the  problem  referred  to  in  the  postcript,  was  a  very  good 
example  of  the  advantages  of  adhering  to  this  principle. 

Passing  to  points  of  detail,  he  would  refer  to  the  problem  of 
articles  54  to  65.  There  Mr.  King  adopted  an  approximate 
solution,  because  the  returns  for  the  first  ten  years  took  an 
inconvenient  form.  It  might  be  worth  while  to  point  out  that  by 
a  simple  transformation  the  accurate  solution  could  be  obtained  with 
little  additional  labour.  The  return  for  the  nth  year  could  be 
expressed  as  n  times  5  per-cent  of  the  average  salary,  less  2|  per-cent 

VOL.    XXXIX.  O 


194  On  Staft  Pension  Funds.  [April 

of  the  final  salary  [(nx*05)ys^+n—  •025*y+n],  and  this  formula 
fitted  in  perfectly  with  the  return  after  ten  years,  the  only  differences 
being  that  after  that  period  there  was  no  deductive  term,  and  the 
variable  coefficient  (n  x  -0o)  was  replaced  by  the  constant  "5. 

In  sections  V  and  VI,  Mr.  King,  in  dealing  with  the  returns  of 
past  contributions  plus  compound  interest  thereon,  ignored  the  actual 
past  contributions,  and  assumed  that  they  had  all  grown  according 
to  scale,  and  he  stated  that  to  deal  with  the  problem  in  the  same 
way  as  with  simple  interest  (vide  section  VII)  would  involve  a  very 
complicated  double  summation ;  but  he  (Mr.  Lidstone)  thought 
that  by  approaching  the  subject  from  a  different  standpoint  a 
comparatively  simple  solution  could  be  obtained.  The  actual  past 
contributions  were  known,  and  the  value  of  the  return,  plus  future 
compound  interest,  could  be  found  by  the  formula  of  article  81. 
The  value  of  the  past  interest  according  to  scale,  plus  future  interest 
thereon,  could  be  found  as  follows.  In  article  86,  Mr.  King  gave  an 
expression  for  the  value  of  the  return  in  respect  of  past  contributions 
according  to  scale,  plus  past  and  future  compound  interest  at  rate  j. 
If  they  put^'=0  in  calculating  Z  in  that  article,  they  would  have  this 
simple'  expression  for  the  value  of  the  return  of  past  scale- 
contributions  plus  future  interest  only,  viz., 


MdJ  x-\ 

r  n a  l  rrn  r^i  -*-i     / 

1) 


x,Z«,  where  ,Z2=-012„(*,). 


The  difference  between  this  and  the  original  expression  in  article  86 


gave 

MdJ 


,    [,Z£x(l+.;)*-,ZJ]orsay* 


for  the  value  of  the  return  of  past  interest  plus  future  interest 
thereon,  but  disentangled  from  the  past  contributions  themselves. 
This  expression  was  based  on  the  assumption  that  past  contributions 
had  been  according  to  scale.      If  they  divided  the  expression  <£  by 

X-l  J 

the  assumed  past  contributions  2,,  («*,)»  they  would  have  — T — ,  an 

abstract  factor  which,  when  multiplied  by  the  actual  past  con- 
tributions, would  give  the  value  of  the  return  of  past  interest  plus 
future  interest  thereon.  There  would  then  be  no  approximation 
to  the  actual  amount  of  past  contributions,  but  only  as  to  the 
average  interest  factor,  or,  in  other  words,  the  average  term  for 
which  past  interest  had  accrued.  This  was  in  accordance  with 
the  general  principle  that  estimates  should  be  corrected  by  facts, 
as  far  as  and  so  soon  as  the  facts  became  known.  Where  so 
much  was  necessarily  uncertain,  as  it  was  in  respect  to  these 
funds,  it  was  desirable  to  follow  the  principle  to  the  fullest 
extent,  even  at  the  cost  of  some  increased  arithmetical  work.  A 
similar  principle  could  be  applied  to  the  formula  for  simple  interest 
returns  in  article  99 ;  and  it  might  be  worth  while  to  point  out  that 
that  formula  itself  could  be  put  into  a  more  convenient  form  for 
calculation.     If  they  transferred  the  co-efficient  y— \  to  the   first 
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member  inside  the  square  brackets  they  would  have  this  result : 

■Oli[(x-y  +  h)(sll+  •  •  •  +**-i) 

-(sy  +  2sy  +  1+  .  .  .  +  0*-y)**_i)] 

=-01»[(f+|)S*,-S^] 

where  t  =  x—y,  and  the  summation  was  taken  from  entry-age  to  the 
year  preceding  the  valuation-age.  In  this  way  they  would  get  rid 
of  the  troublesome  multiplication  in  the  form  (g  +  h)sy,  and  reduce 
it  to  a  simple  double  summation. 

He  had  referred  to  these  points  of  detail  in  the  hope  that  they 
might  be  of  interest  to  those  who  had  to  follow  the  paper  closely. 
But,  of  course,  all  these  small  questions  would  shrink  into 
insignificance  in  comparison  with  the  question — at  once  the  most 
difficult  and  the  most  important — how  to  fix  the  scale  of  average 
salaries.  Mr.  King  said  that  "  The  present  average  salaries  give 
only  an  uncertain  indication,  which  may  have  to  be  departed  from 
widely";  but,  unfortunately,  he  gave  no  help  as  to  how  the 
departure  should  be  arrived  at.  Mr.  Manly,  in  dealing  with  the 
same  subject,  said  "  We  proceed  to  make  an  intelligent  graduation, 
using  our  discretion,  particularly  in  the  case  of  a  young  institution, 
to  modify  the  high  salaries  by  the  assumption  that  a  certain  number 
of  the  young  members  of  the  staff  will  be  in  receipt  of  much  lower 
salaries  when  they  arrive  at  the  higher  ages."  He  was  sure  they 
would  feel  grateful  to  Mr.  Manly  and  Mr.  King  if  thev  would  give 
further  information  as  to  how  this  should  be  done.  To  him 
(the  speaker)  it  seemed  that  when  a  process  produced  a  result  which 
was  anomalous  and  unfit  for  practical  use,  it  did  not  point  so  much 
to  the  necessity  of  introducing  adjustment,  as  of  seeking  another 
method  which  would  produce  results  free  from  the  anomalies. 
Mr.  Manly  had  pointed  out  that  they  were  not  concerned  with  the 
actual  scale  of  salaries,  but  only  with  the  rate  of  increase  from  year 
to  year.  With  a  body  of  changing  constitution,  they  had  no  right 
to  expect  that  that  rate  of  increase  could  be  found  by  comparing  the 
average  salaries  enjoyed  on  a  given  date  by  one  set  of  men  aged  .r, 
with  the  average  salaries  enjoyed  at  the  same  time  by  another  set  of 
men  aged  x+1,  any  more  than  they  would  expect  to  find  the 
probability  of  living  a  year,  by  comparing  the  number  of  persons  aged  x 
with  the  number  aged  x  +  1  on  a  given  day  in  a  fluctuating  population. 
What  they  required  was  a  direct  comparison  between  the  salaries  of 
the  men  aged  x  to-day,  and  the  salaries  of  the  same  men  a  year 
hence,  when  they  would  be  of  age  x  +  1.  With  properly  arranged 
books,  there  should  be  no  difficulty  in  getting  the  rates  of  increase  in 
this  way  from  year  to  year,  with  the  additional  advantage  that  any 
change  in  the  rates  of  increase  could  be  directly  watched.  He 
believed  that  by  this  means  they  would  avoid  many  of  the  anomalies 
and  the  more  or  less  arbitrary  adjustments  which  Mr.  King  and 
Mr.  Manly  had  suggested,  but  unfortunately,  without  affording  much 
information  as  to  how  the}-  should  be  applied  in  practice. 

Mr.  Archibald  Hewat  :  The  subject  which  Mr.  King  has 
brought  before  us  is  much  too  large  for  us  to  attempt  to  discuss 
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it  in  any  detail  this  evening.  I  am  glad  to  see  that  he  refers  to 
"fancy  benefits"  and  "excrescences."  That  is  the  trouble  to  the 
actuary  in  dealing  with  funds  of  this  kind,  either  in  framing  a  scale 
of  contributions  or  in  making  a  valuation.  If  those  who  have  to  do 
with  the  framing  of  these  funds  would  content  themselves  with 
dealing  merely  with  a  pension  fund,  it  would  be  better.  But  there 
are  those  who  do  not  wish  wholly  to  part  with  the  money  contributed 
by  them,  and  so  the  savings-bank  element  is  introduced  in  addition. 
Then  somebody  wants  the  contributions  paid  back  to  their  families 
when  they  die,  thus  introducing  the  further  element  of  life  assurance. 
Then  they  want  also  something  for  the  widow,  thereby  adding  yet 
another  item,  namely,  the  widow's  fund.  In  a  recent  case  1  observed 
a  very  peculiar  element:  "No  pension  is  to  be  paid  except  out  of  the 
profits  of  the  company."  As  I  do  not  think  Mr.  Hardy,  or 
Mr.  Manly,  or  Mr.  King,  will  be  able  to  supply  functions  or  factors 
for  that  element,  I  would  commend  that  to  the  students,  or  those 
who  have  more  recently  passed  through  the  hands  of  the  examiners, 
to  try  and  work  out  a  formula.  With  regard  to  withdrawals  or 
secessions,  one  requires  to  be  careful  in  making  estimates  for  the 
future.  If  we  look  back  on  the  past  history  of  the  employees,  that 
may  be  a  poor  guide,  because,  if  there  has  been  no  pension  fund  in 
the  past,  they  may  have  been  withdrawing  in  larger  numbers  than 
they  will  do  in  future,  when  they  have  a  pension  fund  to  look  to. 
There  is  another  troublesome  item  I  have  had  to  deal  with  in 
practical  work  of  this  kind,  and  that  is  the  element  of  female  lives. 
They  introduce  reasons  for  withdrawal  which  are  obvious,  but  which 
do  not  exist  in  the  case  of  males.  "With  regard  to  the  salary  scale, 
that  also  is  extremely  difficult  to  arrive  at,  for  various  reasons.  My 
practice  is  to  find  out  the  actual  experience  of  the  past,  as  far  as 
possible,  to  come  to  certain  conclusions,  and  then  call  in  the 
Accountant,  or  the  Secretary,  or  some  one  who  has  the  practical  work 
of  dealing  with  these  things  and  knows  about  them  ;  and  then 
between  us  we  adjust  a  scale.  With  regard  to  that  point,  there  is 
another  thing  that  the  practical  actuary  has  to  be  extremely  careful 
about,  and  that  is  to  see  that  the  exceptionally  large  salaries  are  not 
too  numerous,  in  proportion  to  the  number  of  employees,  to  disturb 
what  might  be  considered  a  normal  average.  With  regard  to  scale  of 
salary,  of  course  we  have  to  keep  in  view  that  such  has  to  be 
considered,  not  only  in  relation  to  contributions,  but  also  to  the 
benefits.  Mr.  King  points  out  that  to  adopt  a  scale  of  salaries  which 
increases  too  slowly  would  under-estimate  liabilities  ;  but  it  also 
under  -  estimates  the  assets,  in  accumulating  and  valuing  the 
contributions.  He  further  points  out  that  at  older  ages  there  is  a 
tendency  for  the  average  salary  to  fall.  That  is  so,  because  Directors 
are  not  likely  to  increase  an  employee's  salary  within  a  few  years  of 
his  retiring  on  pension,  for  that  would  give  him  a  much  larger 
pension.  The  formulas  are  most  interesting  and  informing.  They 
are  so  clear  as  to  be  almost  self-interpreting.  They  are,  however, 
something  like  the  snowball,  which  gathers  as  it  grows,  for  I  find, 
as  one  goes  through  the  paper,  there  are  innocent-looking  formulas, 
which  take  up  very  small  space,  one  of  which,  for  example,  employs 
fifteen  letters,  nine   of  them  being  different.     This  contribution    to 
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this  difficult  and  increasingly  important  subject  will  be  a  most 
valuable  text  book  for  students  of  all  ages.  In  article  149, 
Mr.  King  says :  "  Wben  a  fund  is  to  be  started,  and  tbe  intending 
members  have  formulated  the  benefits  they  desire,  the  actuary 
is  sometimes  asked  to  quote  the  percentage  of  salary  necessary  to 
provide  them."  But  that  is  too  late.  What  would  be  thought  of  a 
man  building  a  house  without  first  having  an  architect  ?  The  same 
holds  with  regard  to  the  actuary ;  in  framing  a  scheme,  the  actuary 
should  be  called  in  at  the  beginning.  I  am  not  here  to  tell  you  of 
many  disastrous  things  which  have  happened  in  connection  with 
pension  funds  by  mere  arithmeticians  and  book-keepers  formulating 
schemes,  and  working  away,  until  a  day  arrived  when  they  found  they 
had  much  more  than  the  actuary's  modest  initial  fee  to  pay  for. 
With  regard  to  all  these  cpiestions — scales  of  contribution  and  of 
benefit — we  can,  neither  in  pension  funds,  nor  widows'  funds,  nor  life 
assurance  work,  get  at  exact  figures,  therefore  it  is,  in  a  sense, 
somewhat  of  the  nature  of  trial  and  error.  And  that  is  the  great 
advantage — in  this  as  in  life  assurance — of  the  periods  of  valuation 
or  testing  times.  Seven  or  eight  years  ago,  I  had  to  frame  a  pension 
scheme,  the  females  to  retire  at  55  and  the  males  at  60,  and  was 
asked  to  quote  a  scale  of  contribution.  I  declined  to  do  so,  remarking 
that  at  these  ages  I  could  only  quote  what  would  be  prohibitive  rates. 
1  preferred  to  give  rates  for  pensions  to  be  entered  upon  at  60  and 
65  years  of  age  respectively,  and  leave  over  till  valuation  periods  to 
see  if  the  success  of  the  fund  would  warrant  a  gradual  reduction  of 
the  pension  age,  from  time  to  time ;  or,  if  then  preferred,  a  reduction 
in  the  scale  of  contributions.  The  valuation  means  a  periodical 
revision  of  the  simple  equation,  Contribution  =  Benefit.  By  the 
results  then  brought  out  it  is  seen  whether  the  contribution 
should  be  raised,  or  the  benefit  be  reduced,  or  vice  versa. 
The  fund  to  which  I  referred  had  some  money  available  with 
which  to  start  it,  and  assist  in  levelling  inequalities  in  years  of 
age  and  of  service.  I  found  out  the  maximum  amount  available, 
and  urged  that  it  should  all  be  put  in  as  a  nucleus.  When  I 
came  to  make  the  first  valuation,  I  found  that  larger  sum  useful,  and 
it  made  the  report  more  palatable,  especially  as  a  good  deal  of  that 
nucleus  still  remains.  There  is  one  thing  about  the  paper  which  is 
specially  noteworthy,  and  that  is  a  demonstration  of  the  adaptability 
of  the  commutation  method.  To  those  who  understand  that,  it  is 
easy  to  follow  these  interesting  formulas.  I  observe  that  Mr.  King 
makes  elaborate  preparations  and  formulas  for  withdrawals,  and  has 
introduced  the  hx  unhealthy  pensioners,  and  refers  to  pensioners  at 
age  25.  1  have  not  yet  in  my  practice  been  introduced  to  so 
youthful  a  pensioner.  I  think  that  is  much  too  early  for  a  young 
man  to  contemplate  being  pensioned.  It  is  sometimes — and  indeed 
in  a  good  many  cases — much  to  the  interest  of  the  pension  fund  to 
give  a  man  his  money  back,  thus  giving  him  what  in  many  cases  is 
an  inadequate  surrender  value  for  what  is  really  a  deferred  annuity. 
It  is  the  same  with  the  pensioner  who  comes  on,  because  of  ill  health, 
earlier  than  was  contemplated.  He  is  what  we  know  as  "a  bad  life", 
and  the  fund  will  soon  be  relieved  of  what  might  otherwise  prove  to 
be  a  heavy  burden. 
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Mr.  liALi'il  P.  Hahdy  :  I  feel  considerable  diffidence  in  joining 
in  the  debate  on  this  paper,  in  which,  by  the  generous  friendship  of 
Mr.  King,  I  am  alluded  to  in  such  specially  handsome  terms.  But 
as  I  am  conscious  that  I  may  rely  upon  the  good  feeling  of  my 
friends,  I  do  just  venture  to  intrude  myself,  because  what  we  have  to 
deal  with  is  not  any  production  of  my  own,  but  a  highly-finished 
article,  bearing  throughout  the  distinct  marks  of  an  independently 
initiated  and  pursued  line  of  thought  and  treatment,  elaborated  with 
all  the  technical  art  that  only  an  actuary  experienced  in  real  work  can 
command,  and  perfected  with  a  skill  born  of  a  long  and  varied 
practice  in  his  profession.  If  Mr.  Hewat  impeaches  the  general 
validity  of  these  valuations,  I  take  leave  to  say  that  they  have  passed 
far  beyond  the  "trial  and  error"  stage;  and  although  they  may  not 
present  that  perfect  solution  which  time  may  yet  supply,  they  still 
present  a  reasonable  anticipation  of  the  state  of  things,  and  afford 
sufficient  ground  for  practical  procedure.  We  are  all  fully  aware  of 
the  extreme  danger  of  dealing  with  cessations,  for  the  greater  security 
you  give  to  the  future  of  a  service,  and  the  greater  the  inducements 
you  supply  to  a  staff  to  remain  on,  the  more  you  steady  the  service, 
and  to  the  same  extent  you  destroy  the  asset  in  respect  of  secessions 
upon  which  you  have  been  hitherto  relying.  I  think  I  may  say  truly 
that,  if  I  needed  an  illustration  of  what  our  training,  when  applied  to 
a  cultivated  mind,  will  produce,  or  how  the  fluctuating  elements  of 
composite  data  can  be  steadied  and  held  fast  for  observation,  and 
how,  under  the  powerful  processes  employed,  they  can  be  constrained 
to  disclose  the  main  current  of  the  underlying  truths  they  enfold,  I 
would  confidently  appeal  to  such  a  paper  as  this,  as  being  one  which 
is  eminently  worthy  of  this  Institute,  and  as  affording  another 
valuable  sample  of  the  notable  work  done  by  the  author,  whether 
educational,  as  in  the  Text  Book,  or,  as  in  the  present  case,  being  a 
further  contribution  to  our  treasuries  of  professional  kLowledge. 
Subsequent  experience  has  abundantly  confirmed  me  in  the  views 
I  ventured  to  express  in  1894,  in  the  debate  which  took  place  on 
my  friend  Mr.  Hewat's  and  Mr.  Chatham's  paper  (see  J. I. J., 
vol.  xxxi,  471),  that  these  particular  investigations  exercise  an 
extraordinary  fascination  upon  minds  which  are  not  content  with  the 
usual  perfunctory  explanations  of  the  mere  appearances  which  things 
present,  but,  with  a  laudable  curiosity,  are  desirous  of  probing  into 
the  inner  working  of  our  social  phenomena,  and  of  noting  how 
outside  causes  deflect,  and  too  often  control,  the  expected  tendency 
of  human  action,  and  disarrange  the  ordinary  development  of  the 
anticipated  secpiences.  To  such — and  I  believe  they  are  a  growing 
number  within  our  walls— this  paper  will  be  found  invaluable  ;  while 
those  still  in  the  student  age  will  find  here  a  full  repertory  of 
scientifically  adjusted  and  practically  tested  processes — though  still 
to  be  employed  with  intelligent  discrimination — calculated  to  ensure, 
not  only  that  due  weight  should  be  given  to  the  amount  and  quality 
of  the  observations,  but  that  a  proper  measurement  should  be  applied 
to  those  complicated  social  phenomena  which  are  exhibited  in  the 
various  Service  and  other  pension  funds. 

Mr.  T.  Gr.  Acklano  :  I  should  like  to  join  with  other  speakers 
in  an  expression  of  my  appreciation  of  the  great  value  of  this  paper, 
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and  how  eminently  it  appears  to  be  deserving  of  prolonged  and 
careful  study.  I  propose  to  limit  my  present  remarks  to  one  or  two 
matters  of  comparatively  minor  detail,  arising  on  a  cursory  reading 
of  the  paper.  I  have  been  somewhat  puzzled  to  understand  why 
Mr.  Kiug  goes  apparently  out  of  his  way  to  introduce  the  function 
«j;-=-100,  in  deducing  his  special  commutation  tables.  No  doubt 
that  has  some  convenience  in  this  respect,  that  it  reduces  the  extent 
of  the  figures  involved,  by  shifting  the  decimal  point  two  places  to 
the  left ;  but  as  the  s^-t-IOO  is  introduced  both  in  the  numerator 
and  the  denominator,  it  appears  to  me  that  the  100  must  disappear, 
and  that  we  are  simply  left  with  the  s^  entering  into  the  numerator 
for  ascending  values  of  x,  whilst  the  value  of  sx  enters  also 
into  the  D^,  which  usually  figures  in  the  denominator.  This  is 
in  itself  a  small  matter,  but  seems  rather  calculated  to  bewilder  the 
student,  who  may  be  uncertain  whether  the  author  is  dealing  with 
1  per-cent  upon  a  salary  of  £100  subject  to  increase,  or  with  a 
simple  variable  or  iucreasing  annuity,  starting  with  unity.  It  seems 
to  me  that  the  latter  assumption  is  far  preferable,  and  that  the 
introduction  of  the  1  per-cent  of  100  only  tends  a  little  to  confuse 
matters.  We  have  nothing  to  do  with  a  contribution  or  pension  of 
1  per-cent  upon  100,  but  the  expressions  deduced  by  Mr.  King,  as  it 
seems  to  me,  simply  represent  the  increasing  ratio  of  the  salary, 
considered  as  unity  at  the  outset,  combined  with  the  elements  of 
mortality,  interest,  withdrawal,  and  the  like.  In  the  matter  of 
adjustments,  I  am  glad  that  Mr.  King  has  heroically  dealt  with  the 
matter  by  computing  the  continuous  functions,  and  so  avoiding  the 
little  awkwardness  which  some  of  us  felt  in  some  of  Mr.  Manly 's 
problems  and  their  solutions,  where  the  adjustment  had  to  be  dealt 
with  separately  and  subsequently.  I  suppose  we  shall  agree  that  it 
is  better  to  deduce  the  continuous  function  directly,  and  so  do  away 
with  the  necessity  for  all  later  adjustments.  In  the  matter  of 
notation,  it  would  sometimes  seem  as  if  Mr.  King's  symbols  were 
varied  from  Mr.  Manly's,  a  little  without  full  justification.  The 
insertion  of  perhaps  some  small  additional  letter  varies  the  function 
with  which  we  have  got  to  be  more  or  less  familiar,  as  Mr.  Manly 
laid  it  before  us ;  and  it  may  be  a  little  confusing  in  the  Journal 
to  have  two  or  three  distinct  symbols  expressing  practically  the  same 
function.  Again,  in  articles  110  and  125,  and  I  think  in  other 
places  in  the  paper,  Mr.  King  rather  unexpectedly  introduces  the 
symbols  C  and  M  for  what  appears  not  to  be  in  the  nature  of  an 
assurance  benefit,  but  rather  of  an  annuity  benefit,  and  it  may  be 
questioned  whether  these  symbols  are  the  most  appropriate  in  the 
circumstances.  I  quite  think  that  Mr.  King,  in  dealing  with  the 
matter  of  pension  by  introducing  a  rate  of  retirement  at  every 
age,  is  on  the  right  lines.  Mr.  Hewat  has  spoken  of  the  practical 
impossibility  of  a  man  retiring  at  age  25,  but  I  suppose  there  is 
nothing  impossible  in  the  contemplation  of  a  young  man  being 
paralysed,  or  suffering  from  some  serious  disease  which  would 
incapacitate  him  and  render  him,  so  long  as  he  lived,  eligible  for  a 
pension.  At  any  rate,  it  seems  to  be  a  more  satisfactory  way, 
theoretically,  to  assume  a  rate  of  retirement  at  every  age,  which 
would  no  doubt  rise  to  maxima,  as  shown  in  the  tables  appended,  at 
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ages  GO  or  05,  but  which  would  be  in  operation  at  all  otber  ages.  1 
entirely  agree  with  the  remarks  of  Mr.  Lidstone  on  the  question  of 
the  ratio  of  salary  at  different  ages.  I  think  there  is  a  great  deal  of 
importance  in  what  he  said  in  that  matter,  and  indeed  in  his  remarks 
throughout.  It  has  sometimes  given  me  anxiety  that,  in  dealing 
with  these  pension  funds,  we  seem  to  be  making  to  some  extent  a 
false  comparison,  in  comparing  the  average  salary  as  deduced,  say  at 
age  20,  with  the  average  salary  of  different  people,  as  deduced  at  age 
21.  In  one  case  at  least  of  such  a  fund,  1  elaborately  laid  out  the 
increasing  salary  of  the  same  people  as  they  passed  through  successive 
ages,  and  got,  I  think,  more  satisfactory  results,  although,  of  course, 
with  a  considerable  increase  of  labour.  That  suggestion  is,  I  submit, 
worthy  of  being  more  fully  considered. 

Mr.  E.  C.  Tuomas  :  Although  the  subject  of  pension  funds  has 
come  before  the  Institute  on  several  occasions  recently,  it  is  one 
which  so  teems  with  possibilities,  not  to  say  pitfalls,  that  the  thanks 
of  this  meeting  will  be  heartily  awarded  to  Mr.  King  for  the 
interesting  contribution  he  has  submitted  to  us  this  evening.  Many 
of  the  problems  which  he  has  dealt  with  have  been  already  discussed 
by  Mr.  Manly,  but  it  is  interesting,  I  think,  to  have  the  point  of 
view  of  another  master  of  the  subject ;  and  it  must  be  a  satisfaction 
to  Mr.  Manly  to  find  his  conclusions  and  formulas  so  amply  confirmed 
by  Mr.  King.  There  are  slight  differences  in  method  between 
Mr.  King  and  Mr.  Manly,  mainly  with  regard  to  the  adjustments. 
Mr.  Ackland  touched  upon  this  question  of  the  adjustments,  but  1 
think  we  are  possibly  in  danger  of  doing  Mr.  Manly  some  injustice 
on  the  point.  It  must  be  remembered  that,  when  he  was  writing  his 
paper,  he  wished,  as  I  understand  it,  to  make  his  formulas  applicable 
to  any  case  which  might  arise,  and  at  the  same  time  to  free  his 
demonstrations  from  any  unnecessary  difficulty.  There  may  not  be 
any  difficulty  about  using  i-l'+i  instead  of  »*+1,  but  even  here,  when 
we  remember  that  Mr.  Manly  was  illustrating  with  a  number  of 
different  funds,  with  different  rules,  and  different  methods  of 
procedure,  I  think  we  must  admit  his  method  was  convenient,  for 
the  purpose  he  had  in  view.  By  relegating  contributions  to  the  end 
of  the  year,  he  was  able,  by  one  simple  multiplying  factor  applied 
only  to  the  totals,  to  allow  for  the  exact  method  of  payment  of 
contributions,  whether  monthly,  quarterly,  half-yearly,  or  weekly. 
As  to  the  correction  for  the  fractional  payment  in  the  year  of  exit,  I 
think  those  who  remember  their  student  days  will  admit  that  it 
presents  the  matter  in  a  more  simple  manner,  if  in  the  first  instance, 
such  corrections  be  ignored.  There  are  additional  conveniences  ;  for 
instance,  the  correction  in  the  case  of  a  return  at  death  is  the  same, 
whether  the  return  is  simply  the  contributions  alone,  or  the 
contributions  with  simple  interest,  or  with  compound  interest  at  the 
valuation  rate,  or  any  other  rate.  Sometimes  a  correction  is  required 
on  both  sides  of  the  account,  to  the  value  of  the  contributions,  and  to 
the  value  of  the  return  benefit ;  and  if  the  whole  of  the  contributions 
are  returned  in  any  given  event,  the  correction  is  the  same  on  both 
sides ;  and  can  therefore  be  dispensed  with  altogether.  In  article  90 
Mr.  King  refers  to  a  formula  which  was  given  in  the  Journal  recently 
(see  J. I. A.,  xxxviii,  276)  for  deducing  the  value  of  the  return  of  the 
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contributions,  with  compound  interest  at  a  rate  differing  from  the 
valuation  rate.  It  is  gratifying  to  find  that  his  formula  entirely 
confirms  that  previously  published.  It  is  true  that  at  the  outset,  in 
the  former  case,  contributions  were  considered  as  payable  at  the 
beginning  of  the  year,  but  that  was  a  purely  tentative  assumption, 
and  the  necessary  corrections  were  indicated,  that  for  the  final 
payment  in  the  year  of  exit  being  identical  with  that  previously 
published  by  Mr.  Manly  for  the  return  without  interest.  There  is  a 
slight  difference  in  Mr.  King's  methods.  He  first  forms  a  column  of 
log  vx  at  rate  J,  whereas  in  my  formula  the  method  indicated  was  to 
take  the  difference  between  log  vx  and  log  ux  direct  from  "  Jones 
on  Annuities."  I  might  mention  that  the  symbol  u-r,  which  is  a 
very  convenient  distinction  incases  like  this,  was  actually  suggested  to 
me  by  Mr.  King.  There  is  one  little  inconvenience  about  Mr.  King's 
formula,  namely,  that  in  calculating  the  value  of  the  benefit  in 
respect  of  the  past  contributions,  assuming  that  the  amount  of  those 
contributions,  accumulated  at  the  rate  (j)  is  known,  he  requires  a 
special  commutation  column  Dx,  at  the  rate  J  ;  that  was  not  required 
by  my  formula.  It  was  surprising  to  me  to  find  that  Mr.  King 
thinks  it  would  be  necessary  to  calculate  an  assumed  value  for  these 
past  accumulations.  Personally,  I  thought  there  would  be  no 
difficulty  in  obtaining  the  facts  from  the  officials  of  the  fund,  and 
that  has  been  borne  out  in  practical  experience  in  at  least  one 
instance.  Mr.  King  refers  to  a  slight  apparent  discrepancy  between  his 
formulas  for  the  returns  accumulated  at  rates  i&ndj  respectively.  In 
article  G8,  we  have  v?  (A^ — J^-'Oj  &c,  while  in  article  82  it  is 
tfi,  and  not  v^,  that  is  outside  the  bracket.  I  think  the  apparent 
contradiction  vanishes  when  we  remember  that,  in  the  first  case  the 
contributions  have  been  accumulated  and  discounted  at  the  same  rate 
(i),  and  that  it  is  really  the  accumulation  factor  which  has  been 
over-estimated,  and  not  the  discounting  factor  under-estimated.  vi 
in  this  case  is  really  ni,  but  the  two  symbols  being  identical,  there  is 
no  necessity  to  use  u  at  all.  That  is  my  explanation  of  the  apparent 
discrepancy.  After  all,  however,  these  are  minor  points,  and  the  real 
object  of  the  paper  is  undoubtedly,  as  I  gather,  to  introduce  to  us  the 
necessity  and  the  method  of  bringing  into  account  the  age  at  entry, 
as  well  as  the  age  attained.  In  this  Mr.  King  has  rendered  the 
Institute  signal  service.  His  methods  are  not  mere  theory,  but  are 
the  outcome  of  laborious  work  performed  in  practical  valuations,  and 
he  has  shown  in  certain — it  may  be  hoped  rare — cases,  that  these 
methods  are  imperative,  and  he  has  also  shown  from  his  own 
experience  that  the  labour  involved  is  not  prohibitive.  A  combination 
of  two  somewhat  unusual  circumstances  is  required  in  order  to  make 
these  methods  really  necessary.  The  first  condition  is,  that  the 
scale  of  pensions,  when  expressed  as  a  percentage  of  total  salary, 
should  vary  within  wide  limits ;  and  the  second,  that  the  new  comers 
should  enter  in  large  numbers  at  the  older  ages,  and  so  render  the 
use  of  an  average  entry  age  inadmissible.  With  regard  to  the  first 
condition,  I  think  the  more  usual  experience  is  that  the  scale  is 
represented  by  n  times  a  constant  percentage,  either  of  the  average 
salary,  or  the  last  salary.  But  in  either  of  these  cases,  Mr.  Manly's 
more  simple  formulas  can  be  used.     Sometimes  the  scale  appears  to 
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be  irregular,  but  wben  it  is  put  in  the  form  of  a  function  of  the  total 
salary,  it  is  found  to  vary  within  narrow  limits.  1  have  in  mind  a 
scale  which  appeared  to  be  intractable,  but  when  put  into  that  form 
it  varied  irregularly  between  2*20  and  240  per-cent  of  the  total 
salary.  As  to  the  second  condition,  I  think  it  will  be  admitted  that 
the  deviation  from  the  mean  age  must  be  considerable,  for  the  use  of 
an  average  age  to  be  inadmissible.  I  should  be  sorry  to  think  that 
Mr.  King's  prediction  as  to  the  necessity  for  the  use  of  select  tables 
is  likely  to  be  fulfilled  in  the  future.  Nobody  knows  better  than 
Mr.  King  the  practical  difficulties  involved.  It  is  difficult  enough  at 
any  time  to  get  sufficient  data  to  form  an  ordinary  table,  but  the 
difficulties  if  select  tables  were  required  would  be  immensely 
increased. 

Mr.  H.  W.  Manly  :  I  should  like  to  join  in  the  general 
expression  of  congratulation  to  Mr.  King  for  having  brought  this 
paper  before  us.  There  is,  however,  a  little  personal  matter  which 
perhaps  ought  to  be  explained.  In  the  first  part  of  the  pajier  it  is 
stated  that  to  Mr.  R.  P.  Hardy  belongs  the  entire  credit  of  raising 
from  the  empirical  to  the  scientific  the  methods  of  dealing  with  these 
funds,  and  the  author  goes  on  to  say  that  he  was  the  pioneer,  and  we 
have  followed  in  his  footsteps.  Well,  when  I  read  that,  I  thought  it 
looked  something  like  a  charge  that  I  had  used  somebody  else's 
formulas  without  due  acknowledgment.  Now  I  have  never  done 
that,  and  perhaps  Mr.  King  did  not  mean  it.  I  have  never  had  the 
good  fortune  to  be  associated  with  Mr.  Hardy  in  any  work  which  has 
involved  any  of  these  problems,  and  I  have  never  seen  his  formulas. 
At  the  same  time  I  have  no  doubt  that  Mr.  Hardy  has  had  all  these 
formulas  in  his  note  books  for  many  years,  but  he  has  never  published 
them.  I  approached  the  subject,  curiously,  not  with  the  intention  at 
first  of  writing  a  paper  upon  it,  but  it  grew  out  of  another  subject. 
There  was  no  treatise  on  pension  funds,  and  it  occurred  to  me  that 
possibly  it  would  be  of  great  interest  to  the  students  to  know  how 
many  of  these  problems  were  solved.  With  that  object  in  view,  I 
treated  each  benefit  as  a  separate  problem,  in  order  that  students 
might  be  able  to  solve  them  in  future.  It  would  not  he  at  all 
surprising,  if  two  or  three  actuaries,  or  a  dozen  actuaries,  were  set 
down  to  solve  the  same  problem,  that  they  should  arrive  at  very 
similar,  or  indeed  the  same,  results ;  and  I  do  not  take  to  myself  the 
credit  of  having  first  solved  these  problems.  Mr.  King  gives  me 
credit  for  introducing  the  ratio  of  salaries.  I  adopted  that  principle 
25  years  ago,  and  in  the  few  cases  I  have  had  to  deal  with  since,  1 
have  alwaj's  adopted  it.  I  did  not  know  that  it  was  peculiar  to 
myself  at  all,  but  Mr.  King  thinks  it  is.  I  am  surprised  somebody* 
else  had  not  done  that  before.  But  there  was  one  thing  in  that 
paper  which  I  did  think  was  absolutely  original,  and  that  was  the 
notation.  Mr.  King  says  he  has  used  a  similar  notation  for  a  long 
time,  which  only  shows  how  two  great  minds,  working  independently 
at  the  same  subject,  make  the  same  discovery.  I  said  I  had  purposely 
arranged  my  work  in  the  form  of  problems  for  the  education  of  the 
student,  and  then  I  thought  that  anybody  who  had  mastered  those 
problems, and  wanted  to  bring  them  into  practical  use,  would  not  find 
it  difficult  to  do   so.       Mr.   Kiug  has  explained   how  they  can  be 
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brought  iuto  practical  use  by  adopting  vx+*  instead  of  vx+l,  and 
introducing  the  adjustment  for  that  difficult  part  of  the  question,  the 
^sx,  in  the  first  part  of  his  commutation  tables,  instead  of  afterwards, 
as  I  have  done.  It  is  an  improvement,  and,  personally,  I  always  use 
it  myself.  But  for  the  student,  I  did  not  think  it  was  necessary.  I 
think  Mr.  King  raises  some  difficulties  which  are  unnecessary.  For 
instance,  in  article  26,  he  says  :  "  But,  for  valuation  purposes,  we 
require  the  salaries  which,  it  is  assumed,  will  be  drawn  in  the  year 
immediately  following  the  valuation."  I  always  ask  for  the  salary 
at  the  date  of  the  valuation,  and  I  always  get  it ;  there  is  no  difficulty 
about  it.  Similarly  with  regard  to  past  contributions  and  the 
accumulations  at  compound  interest.  Curiously,  that  problem  has 
come  into  most  of  the  funds  I  have  had  to  do  with.  I  have 
always  asked  to  be  supplied  with  the  past  contributions,  and  the 
accumulated  interest  to  date,  and  I  always  got  it.  In  article  54, 
with  reference  to  a  special  form  of  return,  Mr.  King  says,  "  A 
complete  set  of  valuation  factors  must  be  prepared  for  each  entry  age, 
and  about  thirty  sets  in  all  will  in  many  cases  be  required."  The 
benefit  there  is  so  small  that  it  is  really  not  worth  taking  the  trouble 
of  making  elaborate  tables  for  it ;  you  can  easily  make  a  very  close 
approximation.  The  first  part  of  this  problem  is  a  temporary 
increasing  assurance  of  5  per-cent  of  salary  for  10  years,  the  value  of 
which  at  entrance  will  be — 

■05[*Rl-dRi.m-  Ss^ML-iJ 


■*-'x 

A  table  of  these  values  can  be  constructed  thus- 


Age 

Col.(l) 

Col.  (2)  =  2  Col.  (1) 

Col.  (3) 

Col.  (4)  =  2  Col.  (3) 

X 

a; +9 

(/cx 

=*M,-*M,+I0 

=  CoI.  2x*. 

_              _                  X+9             

— l  RSx~  R%+io~~  ^  S-c-'M'+n, 

X 

The  second  part  of  the  problem  is  one  which  I  have  never  met  with. 
I  have  met  it  in  another  form,  namely  the  payment  at  death  of  half 
the  salary  at  date  of  death.  In  that  case  the  factor  after  10  years  is 
^MJ -4-D*.  It  is  a  well-known  approximation' — and  not  infrequently 
used  for  larger  benefits  than  this — that  the  present  salary  will  on  the 
average  be  the  average  salary  at  death.  It  gives  too  small  a  value  at 
the  younger  ages,  and  too  large  a  value  at  the  older  ages,  but  these, 
as  a  rule,  balance  each  other.  To  approximate  then  to  the  second 
part  of  Mr.  King's  problem,  it  is  only  necessary,  after  the  ten  years, 
to  multiply  the  salary  by  |(dMx^-Dx).  For  this  object,  all 
the  salaries  of  all  the  members  of  longer  standing  than  ten  years 
could  be  classified  according  to  present  age.       For  the  first  ten  years 
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the  factor  for  past  salaries  is  05  Col.  (2)-f-Dx  and  the  factor  for 
future  salaries 

{■05  Col.  (4)  +  |*M-+lu}-*-D!. 

Now  those  values  are  microscopically  small,  and  I  should  only 
consider  it  necessary  to  make  three  of  such  tahles,  say  for  ages  20, 
30  and  40  at  entrance,  and  I  should  add  together  the  classified 
particulars  for  all  ages  at  entrance,  15-21,  25-31,  and  35—41.  There  is 
one  thing  on  which  1  congratulate  Mr.  King,  and  in  which  I  agree  with 
him.  That  is,  that  in  the  cise  of  pensions  heing  hased  upon  the  last 
salary,  or  the  average  of  the  last  three,  or  five,  or  seven  years,  there  is  a 
great  advantage  in  classifying  the  memhers  according  to  the  age  at 
entry.  Whether  you  use  Mr.  King's  tahles,  or  whether  you  use 
my  formula — 1  should  prefer  my  own,  because  it  would  not  he 
necessary  to  make  so  man}'  tables,  it  is  certainly  a  great  advantage 
to  have  them  classified  in  that  way. 

The  President  (Mr.  H.  Cockburn)  :  Anything  from  the  pen  of 
our  friend  Mr.  King  deserves  and  attracts  our  careful  attention,  and 
we  have  to  thank  him  once  more  for  a  very  valuable  contribution  to 
our  literature,  on  a  subject  which  is,  I  think,  happily  of  increasing 
importance,  the  modern  development  of  pension  funds,  which  points 
in  itself  to  a  prudent  foresight,  and  likewise  tends  to  the  stability  of 
the  relations  between  employer  aud  employed.  Mr.  King's  papers 
are  always  practical,  however  scientific  they  ma}'  be  at  the  same  time, 
and  what  he  has  given  us  to-night  will  not  rank  as  the  least 
important  amongst  his  many  valuable  contributions.  I  am  sure  you 
will  wish  to  join  with  me  in  passing  a  hearty  vote  of  thanks  to  him, 
and  after  doing  that,  I  will  ask  him  to  make  any  observations  which 
he  would  like  on  what  has  passed. 

Mr.  King,  in  replying  on  the  discussion,  said :  It  was  not 
without  a  considerable  amount  of  trepidation  that  I  ventured  to  send 
in  a  paper  on  this,  which  is  really  a  difficult  subject,  and  I  expected 
much  more  serious  criticisms  than  have  been  offered.  In  fact,  there 
have  been  practically  no  criticisms.  But  you  have  received  my  effort 
most  kindly,  as  you  always  do  whenever  anyone  tries  to  serve  the 
Institute.  I  should  like  to  specially  thank  Mr.  Lidstone  for  his 
remarks,  which  I  look  upon  as  most  valuable  additions  to  the 
paper,  and  I  hope  that  Mr.  Lidstone  will  extend  them  sufficiently, 
so  that  they  may  appear  in  that  shape  in  the  printed  report 
of  the  discussion.  One  difficulty  which  has  been  referred  to 
by  several  speakers,  is  that  of  the  scale  salaries ;  and  it  is  a 
great  difficulty.  But  it  must  not  be  thought  that  in  my  work  I 
have  only  looked  at  the  salaries  at  the  valuation  date  ;  I  have  looked 
at  them  year  after  year,  and  I  have  compared  the  course  of  events 
and  salaries  ten  years  ago  with  the  salaries  at  the  present  day.  So 
we  get  men  who  were  drawing  salaries  ten  years  ago,  and  we  get  the 
same  men  ten  years  older.  I  have  found  practically  that,  if  we  have 
a  well-devised  scale,  with  the  lapse  of  time,  the  actual  salaries  tend  to 
approximate  to  it.  As  to  settling  the  scale,  I  agree  with  what 
Mr.  Hewat  said ;  we  must  call  in  the  Accountant.  As  a  matter  of 
fact,  to  get  the  scale  salaries  we  must  take  a  great  deal  of  trouble ; 
we  must  ascertain  the  salaries  paid,  and  the  rates  of  increase  for  the 
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different  grades  in  the  service ;  we  must  get  the  maximum  in  each 
grade  ;  we  must  get  the  probable  promotions  from  one  grade  to 
another  ;  we  must  get  the  probable  proportionate  numbers  in  each 
grade  ;  and  having  done  that,  we  must  work  out  what  will  be  the 
result  as  to  average  salary,  when  the  fund  reaches  a  stationary  state. 
When  the  fund  is  rapidly  growing,  the  scale  salaries  so  arrived  at 
will  be  almost  necessarily  less  than  the  actual  salaries  at  the  higher 
ages,  but  when  we  involve  the  actual  salaries,  as  is  done  in  the 
formulas,  that  objection  is  overcome.  Mr.  Hewat  is  perfectly 
justified  in  saying  that  the  rate  of  withdrawal  is  a  decreasing 
quantity.  1  have  always  found  it  so  where  investigations  have  been 
made  at  successive  dates.  The  rate  of  withdrawal  has  been  found 
gradually  to  go  down,  but  presently  it  will  probably  reach  the  limit. 
Meantime  we  have  to  be  careful  not  to  assume  the  rate  of  withdrawal 
too  large.  If  the  fund  is  a  large  one,  considerable  salaries  do  not  in 
themselves  affect  the  finances  of  the  fund  much,  but  I  cannot  agree 
that  Directors  do  not  sometimes  raise  salaries  in  view  of  retirement. 
They  have  a  great  idea  of  the  immense  wealth  of  these  pension 
funds,  and  if  by  raising  the  salary  they  can  secure  for  their  official 
a  better  retiring  sum,  which  does  not  come  out  of  the  pocket  of  the 
company,  they  think  they  are  performing  a  good  act.  That 
has  to  be  provided  against,  and  it  is  well  to  fix  a  maximum  for  the 
pension.  It  is  not  necessary  really  where  there  is  no  selection  of  that 
kind,  but  it  prevents  selection.  As  to  pensioners  at  so  young  an  age 
as  25,  if  Mr.  Hewat  will  look  at  Table  1  in  my  paper,  he  will  find 
there  actually  is  a  pensioner  who  came  in  at  age  25.  There  is 
another  at  age  26,  another  at  age  27,  and  three  others  at  age  28. 
Therefore  they  have  to  be  provided  for.  It  is  a  very  small  ratio  at 
these  ages,  but  there  is  no  more  trouble  to  start  at  age  25  than  later. 
Mr.  Ackland  has  spoken  about  my  using  the  denominator  100,  and  it 
is  true  it  disappears  in  the  division.  The  main  object  was  to  reduce 
the  number  of  figures  in  the  commutation  columns,  and,  though  that 
may  seem  a  trivial  reason,  to  get  the  set  of  tables  into  smaller 
compass,  and  on  a  smaller  sheet  of  paper.  With  regard  to  speaking 
sometimes  of  an  annuity,  and  sometimes  of  1  per-cent  of  salary,  1 
think  it  is  desirable  to  look  at  things  from  two  or  three  different 
points  of  view.  I  have  tried  to  do  justice  in  my  paper  to  predecessors, 
and  if  I  have  unwittingly  not  been  cpiite  successful  with  Mr.  Manly, 
I  beg  his  pardon.  There  is  no  intention  of  being  unfair  to  anyone, 
and  there  is  no  insinuation  to  cast  on  anyone  ;  I  wish  simply  to  give 
to  each  what,  so  far  as  my  knowledge  extends,  is  his  due.  As  to 
Mr.  Manly 's  notation,  no  doubt  it  is  original,  but  mine,  which  is 
very  similar,  was  not  taken  from  his,  because  in  connection  with 
pension  and  similar  funds  it  is  the  notation  I  have  been  accustomed 
to  use  for  many  years,  and  originally  was  largely  derived  from 
Mr.  Hardy.  In  one  or  two  cases  I  may  have  borrowed  one  of 
Mr.  Manly's  symbols,  but  the  scheme,  as  a  whole,  is  independent  of 
his  work,  and  was  in  use  before  I  ever  saw  his  paper. 

I  hope  Mr.  Manly  will  put  in  clear  form  his  suggestion  as  to  the 
special  form  of  death  return.  That  was  carried  out  in  full  for  my 
valuation,  very  much  as  an  experiment  to  see  how  the  method  would 
work,  and  it  did  not  give  any  trouble  beyond  a  certain  amount  of 
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arithmetical  work,  but  of  course  it  would  be  well  to  have  a  shorter 
process.  In  this  connection  I  should  like  to  refer  again  to  Table  1, 
because  that  table  shows  the  extraordinary  range  of  the  ages  at 
entry.  The  entrants  come  in  at  all  ages  from  11  to  50,  and  this 
illustrative  fund  is  not  the  only  one  that  has  shown  this  marked 
characteristic.  It  is  this  long  range  of  ages  at  entry  that  causes 
difficulty,  by  greatly  increasing  the  arithmetical  work,  in  that  it 
necessitates  so  many  separate  sheets  of  factors,  one  for  each  age  at 
entry.  It  may,  however,  frequently  happen  that  there  are  only  five 
or  six  entry  ages,  and  in  such  cases  the  labour  of  the  valuation  would 
be  very  much  reduced. 


CORRESPONDENCE. 


[We  have  received  the  following  letters  having  relation  to 
Mr.  George  King's  paper. — Ed.  J.I.A.~\ 

STAFF   PENSION   FUNDS. 
To  the  Editor  of  the  Journal  of  the  Institute  of  Actuaries. 

Sib, — In  the  discussion  which  followed  the  reading  of  Mr.  King's 
paper  on  the  30th  ultimo,  I  was  prevented  b}'  want  of  time  from 
mentioning  the  following  formula,  and  should  not  now  trouble  you 
with  the  same  but  that  it  has  been  represented  to  me  that,  as  an 
illustration  of  two  important  general  principles,  it  might  prove  of 
interest  to  your  readers. 

The  formula  has  reference  to  the  special  death  benefit  discussed 
by  Mr.  King  in  articles  54  to  05  of  his  paper.  The  benefit  is  as 
follows — 

(a)   The  return  of  the  whole  of  the  contributions  on  death,  if 
that  event  occur  within  the  first  10  years  of  membership. 
(6)  A  payment  of  one-half  of  the  average  annual  salary,  on 
death  after  10  years. 

The  problem  may  be  treated  by  means  of  an  average  entry 
age  (if  circumstances  permit),  or  by  taking  groups  of  entry  ages  as 
advocated  by  Mr.  Manly,  or  in  the  more  thorough  way,  mentioned  in 
the  paper,  of  considering  each  entry  age  separately ;  but  in  each  case 
the  method  of  procedure  would  be  the  same. 

It  will  be  noticed  that  the  benefit  is  a  particular  case  of  a 
payment  assessed  for  the  first  n  years  as  a  function  of  the  total 
salary,  and  thereafter  as  a  function  of  the  average  salary.  Now  it  is 
obvious  that  these  forms  of  expression  for  the  benefit  are  inter- 
changeable ;  but  it  will  be  found,  as  was  shown  in  Mr.  Manly's 
earlier  paper,  that  the  form  which  will  give  the  best  working  formula 
is  usually,  if  not  invariably,  the  one  involving  the  total  salary. 

Further,  as  Mr.  Lid  stone  pointed  out  in  the  discussion  before 
mentioned,  still  bearing  in  mind  the  exigencies  of  our  practical 
requirements,  the  more  convenient  course  is  to  consider  each  year's 
contribution  separately,  and  follow  its  course  through  the  various 
years  of  assurance,  rather  than  to  fix  the  attention  on  the  years  of 
assurance,  and  value  the  benefit  as  it  emerges  in  each  successive  year. 
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Proceeding  therefore  on  these  lines,  we  have  (using  Mr.  King's 
notation) — 

k't=the   proportion   of   total  salary   returnable  on   death   in 
the  tth  year 

for  first  10  years  h't  =-05 

for  the  11th  year  #*—— — ="0476 

J  10o 

for  the  12th  year  k',=  *  -=0435 
115 

and  so  on. 

Now  in  regard  to  the  salary  paid  in  the  first  year  after  entry,  the 

value  of  the  return,  omitting  the  denominator,  is  as  follows — 

s,.{  (\GX  x  *',)  +  (C,.+  1  x  k'.2)  +  (C,.+,  x  k'3)  +  .  ..} 
In  respect  of  the  2nd  year's  salary, 

*,+, { (iC.c+1  x  &',)  +  (C.r+2  x  ^3)+  (",-+3 x  /,'4)  +  .  .  .} 
and  so  on. 

The  first  column  required  is  therefore — 

Gx  x  appropriate  &'/=z(say)  G'x. 
We  then  require  to  sum  the  above  column,  and,  in  order  to  allow 
for  the  half  payment  over-valued  in  the  year  of  death,  we  can  use 
Mr.    King's  ingenious  device,  and   deduct,  from  each  figure  in  the 
resulting  column,  %C'X,  thus — 

2C'x-iC'.r=  (say)M'^. 

X 

The  further  columns  required  are  as  follows — 
Wxxsd.=sM'x 
S*M'a:=«E'a.. 
In  regard  to  past  year's  service,  the  value  of  the  return  is — 

M'a;  * 

(Total  past  salary)  x  -p— 
iJx 

and  in  respect  of  future  service, 

Present  salary  x  -p-^{  where  *D.r=  (Dx  X  sx) }. 

I  have  used  the  function  sx,  in   preference  to  r-r^,  in  order  to 

100 

shorten  the  explanation  ;    in  practical   work,  however,   I   think  the 

latter  is  much  more  convenient,  and  as  it  is  brought  into  both  the 

numerator   and   denominator  it   is  obvious   that   no    disturbance  is 

caused  in  the  results  whether   — ^r  or  any  other  fraction  of  sx  is 

employed. 

It  has  been  assumed,  in    assessing  the  values  of   Tc't,  that  the 
average  salary  would  be  calculated  on  the  actual  salary  received  up  to 

*  Strictly  speaking  the  column  M'a  used  in  tins  connection  should  he  .simply 
2C"r  without  any  deduction,  and  not  the  column  Wx  already  referred  to. 
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the  moment  of  death,  but  in  practice  it  would  probably  he  computed 
on  the  salary  for  each  year  entered  upon  ;  thus,  for  those  dying  in  the 

11th  year,  for  instance,  the  average  salary  would  he  (  2  s.i-4-11 ),  and 

the  value  of  k't  would  therefore  he  — r--  =  "04545.     If  this  condition 

held  good,  our  formula  would  he  slightly  simplified,  hecause  for  all 
years  after  10  we  should  require  no  correction  for  the  final  payment, 
and  M'.r  for  ages  (.r  +  10)  and  onwards  would  he  simply  2C'X. 

The  method  proposed  has  the  advantage  of  being  completely 
in  accord  with  that  described  in  the  postscript  to  Mr.  King's  paper 
(articles  178-182)  for  assessing  the  value  of  superannuation  benefits, 
and  is  indeed  ohvious  from  a  careful  consideration  of  the  explanations 
there  given. 

It  seemed,  however,  desirahle  to  elaborate  the  process  a  little,  in 
order  to  illustrate  that,  with  the  aid  of  the  two  principles  already 
mentioned,  certain  apparently  complicated  benefits  can  be  reduced 
to  a  simple  and  orderly  form. 

I  am,  Sir, 

Your  obedient  servant, 

ERNEST   C.   THOMAS. 
St.  Mildred's  lh,nsc,  E.G. 
28  Fehruanj  1905. 


THE  NOTATION  OF  PENSION  FUND  PROBLEMS. 

To  the  Editor  of  the  Journal  of  the  Institute  of  Actuaries. 
Sie, — The  different  notations  employed  by  Mr.  King  and 
Mr.  Manly  in  their  papers  on  Pension  Funds  are  likely  to  be  confusing 
to  those  who  may  find  it  desirable — as  suggested  in  the  recent 
discussion — to  read  those  papers  together,  and  it  would  seem  that  the 
time  has  arrived  when  the  Council  of  the  Institute  might  profitably 
consider  the  question  of  settling  and  prescribing  an  official  notation. 
As  a  preliminary,  I  venture  to  ask  Mr.  King  to  reconsider  his  symbols 
(for  which  Mr.  Manly  has  no  equivalent)  for  the  various  valuation 
multipliers  or  "  factors."  For  all  these  functions,  though  representing 
very  various  benefits,  Mr.  King  uses  the  one  generic  symbol  F,  which 
acts  merely  as  a  scaffolding  on  which  to  build  up  a  number  of  subsidiary 
symbols  serving  to  distinguish  one  function  from  another.  This 
sacrifices — as  it  would  seem,  needlessly — the  great  advantages  secured 
by  the  fundamental  principle  of  the  Institute  notation,  namely,  that 
the  principal  symbol,  which  first  strikes  the  eye,  determines  the 
nature  of  the  function,  while  the  small  letters  denote  particular  ages, 
terms  of  years,  etc.  I  suggest  that  separate  principal  letters  be  used 
for  withdrawal,  death  and  pension  benefits,  and  that  a  capital  letter 
denote  benefits  in  respect  of  past  contributions  or  salaries,  and  a  small 
italic  letter  benefits  in  respect  of  future  contributions  or  benefits. 
The  particular  letters  are  immaterial,  but  if  Mr.  King  would  substitute 
another  symbol,  say,  to*  for  his  hx  (which  is  but  rarely  wanted  and  is 
not  in  fact  used  in  any  of  his  formulas),  we  should  have  the  three 


1905.]  Changes  in  Pure  Premium  Policy -Values.  209 

consecutive  letters  F,  G  and  H  available  for  withdrawals,  deaths  and 
pensions  respectively.  That  this  would  introduce  a  considerable 
simplification  will  be  seen  by  the  following  comparisons: 

Withdrawal  Benefits  :    In  respect  of — 

Past  contributions    .  .  .  .         .     Fx  instead  of  PFJ? 

Future  „  fx  '¥% 

Death  Benefits  :    In  respect  of — 

Past  contributions     ..... 

Future         ,,  ... 

Past  contributions  with  interest 

Future  contributions  with  interest 
Pension  Benefits  :    In  respect  of — 

Past  salaries — Unlimited  Pensions     . 
,,  ,,  Pensions  with  limitations    . 

Future  salaries — Unlimited  Pensions 

,,  ,,  Pensions  with  limitations 

The  relatively  few  cases  in  which  the  benefit  relates  both  to  past  and 
future  contributions  or  salaries  could  conveniently  be  represented  by 
a  hollow  capital  letter. 

That  the  conventional  symbols  F,  f,  G,  g,  H,  and  k  would  be 
readily  learnt  is  conclusively  proved  by  experience  of  the  similar 
symbols  in  the  Institute  notation,  and  the  suggested  new  notation 
would  certainly  be  more  easily  written,  printed,  and  read  than  that 
used  by  Mr.  King. 

It  would  trespass  too  much  on  your  space  to  discuss  in  detail  the 
symbols  for  commutation  functions,  but  here  also  it  would  be  desirable, 
if  practicable,  to  introduce  some  simplification.  In  any  case,  much  is 
gained  by  having  a  simple  and  easily-written  notation  for  the  factors 
which  are  actually  used  in  a  valuation. 

I  am,  Sir,  your  obedient  Servant, 

6  February  1905.  G.  J.  LIDSTONE. 
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Changes  in  Pure  Premium  Policy-  Values  consequent  upon 
variations  in  the  Rate  of  Interest  or  the  Rate  of  Mortality, 
or  upon  the  introduction  of  the  Rate  of  Discontinuance. 
By  George  James  Lidstone,  F.I. A.,  Actuary  of  the 
Alliance  Assurance  Company,  Limited. 

[Eead  before  the  Institute,  27  February  1905.] 

I.  Introductory  Remarks. 

1.  J.  HE  volumes  of  the  Journal  contain  numerous  theoretical 
investigations  dealing  with  the  changes  produced  in  Policy- 
values  by  alterations  in  the  basis  of  valuation,  and  a  number 
of  interesting  and  important  results  have  been  obtained,  of  which 

VOL.  XXXIX.  P 
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the  most  valuable  have  been  embodied  in  the  Text-Book,  Part  II, 
Chapter  xviii,  Articles  39-72.  These  investigations  are  almost 
entirely  based  upon  analytical  transformations  of  algebraical 
expressions  for  the  Policy-value.  Fruitful  as  this  method  has 
been,  and  elegant  as  are  many  of  its  processes  and  results,  it 
yet  labours  under  certain  serious  disadvantages.  From  the  nature 
of  the  method  it  can  be  applied  only  to  the  limited  class  of 
benefits — practically  confined  to  ordinary  Whole-Life  and 
Endowment  Assurances,  with  uniform  Premiums  and  Benefits — 
which  admit  of  the  Policy-values  being  expressed  in  an  algebraical 
form  involving  only  one  class  of  function,  e.g.,  ax,  Ax  or  P.,.:  so 
that  relations  which  are  really  of  very  wide  generality  remain 
undemonstrated,  except  for  those  particular  classes  of  Assurance. 
Again,  demonstrations  based  upon  a  particular  mathematical 
formula  for  the  Policy-value  are  not  easily  modified  to  meet 
changes  of  conditions  which,  though  slight  in  themselves,  may 
render  the  fundamental  formula  completely  inapplicable  :  while 
abstract  analytical  demonstrations  are  both  harder  to  grasp  in  the 
first  instance,  and  harder  to  reproduce  or  adapt  when  subsequently 
required,  than  are  demonstrations  based  upon  more  concrete 
considerations. 

2.  There  are,  therefore,  considerable  advantages  attaching  to  a 
method  which,  instead  of  dealing  with  purely  mathematical 
relationships  of  an  abstract  character,  proceeds  from  a  consideration 
of  the  concrete  financial  entities  involved  in  the  problem  and 
exhibits  as  it  were  the  actual  building-up  of  the  Policy-values, 
as  well  as  the  manner  in  which  variations  arise.  Not  only  is  the 
mental  view  of  the  problem  in  this  light  clearer  and  more  sharply 
defined,  and  therefore  more  easily  recalled  at  will :  it  is  also  of 
wider  range,  and  more  capable  of  extension  to  meet  changing 
conditions. 

3.  The  method  which  it  is  now  proposed  to  develop  is  of  so 

simple   a   character   that,  while   of    very   wide   application,   it   is 

capable  of  being  reduced  to  the  form  generally  known  as  "  Verbal 

Explanation  ",*  and  it  was,  in  fact,  originally  arrived  at  by  that 

road.     If  algebraical  symbols  and  equations  are  now  introduced, 

it  is  chiefly  because  they  enable  the  ideas  involved  in  the  "  Verbal 

Explanation  "  to  be  more  briefly  expressed,  and  the  results  to  be 

more  easily  compared  with  known  relations. 

*  This  phrase,  which  is  perhaps  not  in  itself  a  very  accurate  one,  is  used  in 
accordance  with  loner-established  custom  to  denote  a  train  of  reasoning  which 
deals  directly  with  the  things  which  form  the  subject  matter  of  the  problem, 
and  not  with  abstract  symbols  or  formulas  representing  those  things. 
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4.  The  principal  symbols  employed  will  be  as  follows  : 


p„= Probability  that  if  the  status  be  in  existence  at  the 
beginning  of  the  nth  year,  it  will  survive  to 
the  end  of  the  year. 
qn= Probability  that  if  the  status  be  in  existence  at  the 
beginning  of  the  nth  year,  the  sum  assured,  S„, 
will  become  payable  at  the  end  of  the  year. 

N.L5. —  In  the  case  of  a  contingent  status,  p  +  q 
will  not  necessarily  equal  Unity. 

P  =  Uniform  Pure  Premium  payable   so  long    as    the 

status  endures. 
SM=Sum  Assured  for  the  nth  year. 
7,4  =  Rate  of  Interest  for  the  nth  year. 
rn—  Corresponding  value   of  1   due  at  the  end  of  the 

year. 
V„= Policy-value  after  n  years  before  payment  of  the 

Premium  then  due. 
"Vn=VM  +  P  =  "the     Initial     Reserve  "  =  Reserve     after 
n  years  immediately  after  payment  of  Premium 
then  due. 

Accented  symbols  denote  a  special  Basis  of 
Valuation. 

The  subscript  n  is  usually  omitted,  and  the 
symbols  VorT  denote  the  values  at  the  beginning, 
and  the  symbols  \ri  and  .  x  values  at  the  end,  of 
the  particular  year  in  question. 

There  is  no  subscript  on  the  right-hand  side, 
to  indicate  the  nature  of  the  status,  because  the 
results  obtained  are  very  general,  but  it  is 
important  to  note  that  the  reasoning  relates 
throughout  to  the  successive  values  (as  the 
duration  increases)  of  a  Policy  effected  on  a 
particular  status,  i.e.,  the  durations  are  supposed 
to  vary,  but  the  age  at  entry  of  the  life  or  lives 
remains  constant. 

In  the  case  of  a  last  survivor  status,  which 
may  remain  in  existence  though  one  or  more  of 
the  constituent  lives  be  dead,  p,  q,  V  and  :  must 
be  given  their  mean  values,  having  regard  to  the 
different  possible  combinations  and  their  relative 
probabilities.* 

*  See  Remarks  on  pp.  250,  251. 

p  2 
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Summary  of  Special  Terms. 
5.  In  the  course  of  this  paper  a  number  of  special  terms 
are  used,  as  substitutes  for  somewhat  lengthy  phrases,  with 
a  view  of  abbreviating  the  verbal  arguments  and  thus  rendering 
them  both  more  succinct  and  easier  to  follow.  These  special 
terms  are  all  defined  in  the  course  of  the  paper,  but  it 
may  be  convenient  to  collect  the  definitions  here  in  tabular  form  : 


Special  Term 

Definition 

Mathematical  Equivalent 

Normal  Basis 

The  standard  basis  of  valuation  giving 
standard  Policy-values  with  which 
other     Policy-values     are    to     be 
compared. 

Values    of   functions   de- 
noted    by    unaccented 
symbols. 

Special  Basis 

A  basis  of  valuation  differing  from 
the     Normal     Basis     and     to    be 
compared  with  it. 

Values   of   functions   de- 
noted      by       accent- il 
symbols. 

Normal  Policy-values  . 

Calculated  on  Normal  Basis 

Vor  V 

Special  Policy -values   . 

Calculated  on  Special  Basis 

V  or  V' 

Initial  Policy-value 

Policy-value  at  commencement  of  a 
year  including  the  Premium  then 
due. 

V,  V,  V,  V 

Excess 

The  positive  or  negative  algebraical 
difference    between    any    function 
ou  the  Special  Basis  and  the  same 
function  ou  the  Normal  Basis. 

q'-q 

P-P 
i'  —  i 
p'-p 

kc. 

Accumulated        Excess 
Premium. 

The  Excess  Premium  with  Interest  at 
the  Special  Rate. 

(F-P)(l  +  i')or  P'-P 

Excess  Interest     . 

Difference  between  Interest  at  Special 
rate  and  at  Normal  rate,  calculated 
on  Normal  Initial  Reserve. 

0''  —  i)V,  or 
(o'-8)V 

Excess  Strain 

[Excess  Claims  of  the  year]  +  [Excess 
Normal    Reserve,    for    continuing 
Policies,  at  the  close  of  the  year.] 

(q'-q)S  +  (p'-p)Y1 
or 

0*'-M)S  +  [^'-J>)v] 

Critical  Function 

[Excess  Strain]  — [Excess  Interest] 

See  above. 

Critical    Function    for 
discontinuances. 

Expected  Profit  on  Withdrawals  taken 
negatively. 

— wp(Vi  —  SV),  or 

-w(V-SV 

Remainder   . 

Accumulated    Excess   Premium    less 
the  Critical  Function. 

ffi 

Variation  Fund    . 

Accumulated  amount  of   differences 
between   the  Accumulated  Excess 
Premium   and  the     Excess  Strain 
—  Excess  Interest]. 

N.B. — The  accumulation  is  with 
interest  and  benefit  of  survivor- 
ship. 
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II.  General  Principles  of  the  New  Method. 

6.  The  fundamental  principle  on  which  the  demonstrations 
proceed  is  the  perfectly  general  relation 

V(l  +  i)  =  V(l  +  O  +  P(l  +  O=0S+/>V,  .     .     .     (1) 

That  is  to  say,  the  Initial  Reserve  (which  includes  the  Premium 
just  paid),  accumulated  at  interest  to  the  end  of  the  year,  will 
then  provide  the  Sum  Assured  for  all  cases  in  which  the  benefit 
emerges,  and  the  Reserve  at  the  end  of  the  year  for  the  continuing 
Policies.  This  relation  is  too  obvious  and  too  well  known  to 
need  any  comment  here. 

If  a  different  basis  of  valuation,  denoted  by  accented 
symbols,  give  identical  Policy-values,  the  following  equation  will 
subsist — 

V(l-ft/)+P,(l+*/)=?'S+i»/V1  ....     (2) 
and  hence 

V(i'  -  0  +  P(i'  -  0  +  (P'  -  P)(  1  4-  0  ={q'  -  ?)S  +  (//  -jOV,      (3) 

or  y(?  - 1) + (P-  - P)(i + 1) =(q'-g)s + (p'  -p)yi    (4) 

In  what  follows  this  will  be  called  the  "  Equation  of  Equilibrium." 
It  may  be  noted  that  for  all  absolute  assurances  on  single  or 
joint  lives  p  +  q=p'  +  q'  =  l}  and  the  right-hand  member  of 
the  last  equation  may  then  be  put  into  the  convenient  form 
(?'-?)  (S-V,). 

7.  The  verbal  explanation  of  the  "Equation  of  Equilibrium"  is 
simple.  If  two  sets  of  Policies,  securing  identical  benefits  and 
giving  equal  Policy-values,  be  conceived  to  be  worked  out  side 
by  side  on  different  bases  (which  may  be  distinguished  as  the 
"  Normal "  and  the  "  Special "),  the  financial  working  of  the 
year  under  consideration  must  differ  as  follows :  The  Special 
Basis  Policies  will  receive  the  Excess  *  Premium  increased 
by  a  year's  Interest  at  the  special  rate,  and  will  also  earn 
Excess  Interest  on  the  Normal  Initial  Reserve.  These  additional 
receipts  must  be  exactly  sufficient  to  provide  at  the  end  of  the 
year  the  Excess  Claims  and  the  Excess  Reserves,  the  total  of 
which  may  be  termed  the  "Excess  Strain." 

*  The  " excess"  may  be  either  positive  or  negative,  and  the  word  is  used  as 
an  abbreviated  expression  for  the  algebraical  difference  between  the  accented  and 
non-accented  functions. 
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8.  The  Equation  of  Equilibrium  may  be  put  into  the  form 

(P/-PXl+0=[(?'-«)S  +  (p/-/')VI] -[¥(«'-•)]   .     (5) 

that  is,  if  the  Special  Policy-values  are  ecpial  to  the  Normal 
Policy-values,  the  Accumulated  Excess  Premium  must  each  year 
be  equal  to  the  [Excess  Strain  — the  Excess  Interest]. 

9.  If,  however,  the  Special  Basis  be  such  that  the  [Excess 
Strain  — the  Excess  Interest]  varies  in  comparison  with  the 
accumulated  Excess  Premium,  instead  of  being  always  equal  to  that 
quantity,  the  Special  Policy-values  will  differ  from  the  Normal 
Policy-values.  In  that  case  (P'  —  P)(l  +  *"')  may  be  considered  as 
divided  into  two  parts,  in  varying  proportions  from  year  to  year; 
the  first  part  being  equal  to  the  [Excess  Strain  — the  Excess 
Interest],  and  the  second  representing  the  algebraical  remainder, 
which  may  be  called  EL  Now  conceive  the  first  portion  only  to 
be  carried  into  the  Assurance  Fund,  and  the  second  portion 
to  be  accumulated  separately  (at  interest  and  with  benefit  of 
survivorship),  thus  forming  a  distinct  Fund,  which  may  be  termed 
the  Variation  Fund.  The  Equation  of  Equilibrium  shows 
that  the  first  portion  of  the  Premium  will  just  suffice  to  build  up 
Policy-values  exactly  equal  to  the  Normal  Policy-values  :  hence 
the  Variation  Fund  at  any  point  will  represent  the  difference 
between  the  Special  and  the  Normal  Policy-values. 

10.  It  is  evident  that  the  constant  quantity  (P'  —  P)(l  -f  i') 
must  represent  the  mean  value  of  the  variable  quantity  [Excess 
Strain  less  Excess  Interest],  in  the  sense  that  the  present  values 
of  these  two  quantities  (calculated  at  the  date  of  entry  and  for  the 
whole  duration  of  the  assurance,  on  the  special  basis),  must  be 
identical.*  It  follows  from  this  that  the  present  value  of  the 
variable  difference  between  these  two  quantities,  that  is  the  present 
value  of  M>,  must  be  zero.  Hence,  unless  each  individual  value 
of  M  be  zero  (in  which  case  it  has  been  seen  that  the  Normal  and 

*  This  will  be  seen  at  once  if  it  be  considered  that  the  [Excess  Strain  less 
Excess  Interest]  represents  the  loss  that  will  be  shewn  if  the  Valuation  be  made 
on  the  Normal-Basis  but  the  Experience  be  in  accordance  witb  the  Special-Basis. 
The  present  value  of  such  loss  must  be  equal  to  the  present  value  of  the  uniform 
difference  between  the  Normal- Basis  Premium  and  the  Special-Basis  Premium 
which  will  just  work  out  the  assurance,  with  neither  profit  nor  loss,  on  the 
Special  (Experience)  basis.  A  purely  mathematical  demonstration  of  the  relation 
is  given  in  Appendix  B  to  the  Author's  Paper  "  On  the  Distribution  of  the 
Divisible  Surplus  of  a  Life  Assurance  Company  ",  J.I. A.,  xxxii,  73,  el.  seq. :  vide 
Equation  (12)  page  108,  where  it  must  be  borne  in  mind  that  if  K"  equals  the 
Reserve  on  the  Experience  basis,  represented  in  this  Paper  by  V,  we  must  have 
at  the  date  of  entry  lt0  =  R"0 ,  or  the  preseut  value  of  the  loss  equals  the 
present  value  of  the  Excess  Premium. 
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Special  Reserves  are  identical),  the  values  of  IE  must  be  sometimes 
positive  and  sometimes  negative,  or,  in  other  words,  (P'  —  P/l  +  i') 
must  lie  between  the  greatest  and  least  values  of  the  [Excess 
Strain  — the  Excess  Interest]  ;  and  the  accumulations  of  the 
positive  elements  must,  at  the  limiting  age,  be  numerically  equal 
to  the  accumulations  of  the  negative  elements,  thus  reducing  the 
Variation  Fund  to  zero. 

11.  The  results  of  Articles  9  and  10  are  so  fundamental,  and 
a  clear  understanding  of  them  so  essential,  that  it  may  be  well, 
before  proceeding  further,  to  give  a  numerical  example  by  way  of 
illustration.  Take  the  case  of  an  ordinary  "Whole-Life  Policy 
assuring  unity  on  a  life  aged  85  at  entry,  the  Normal  Basis  being 
HM  3  per-cent;  and  let  the  Special  Basis  be  HM  4  per-cent  with 
an  addition  of  5  years  to  the  age.  Then  Table  A  (facing 
page  218)  gives  the  necessary  materials. 

12.  In  this  Table,  Column  11  gives  the  present  value  of  the 
[Excess  Strain  less  Excess  Interest],  namely,  "2516,  and  this 
is  precisely  equal  to  the  present  value  of  (P'  —  P)(l  +  i'),  namely* 
•09676  x(ra90)UM4  or  09676 x  96154 x 27039.  The  total  of 
Column  10  gives  the  present  value  of  T3L,  which  is  seen  to  be  zero, 
the  positive  and  negative  elements  counterbalancing  each  other. 
Column  9  shews  that  the  values  of  IK  itself  are  sometimes 
positive  and  sometimes  negative  ;  and  Columns  12-15  shew 
that  the  difference  between  the  Normal  and  Special  Policy-value 
is  equal  to  the  Variation  Fund,  that  is,  the  accumulated  amount 
of  B. 

13.  Returning  to  the    general    argument,   it  has   been   seen 

that  M  is  sometimes  positive  and  sometimes   negative.     Suppose 

i       i  negative  .  .       . 

that    it    commences     bv    being        °.  .      ,    passes    through    the 

°     positive  °  ... 

t       i         c        u  i  positive 

value     zero     and     thereafter    becomes    ana    remains 

negative 

Then    up    to    the    zero    point    the    Variation    Fund    must    be 

negative  ,,  .  .         ..    ,      ,   negative    . 

D.  .       (because  it  consists  entirely  or  .  .       elements)   and 

positive    v  positive 

it  must  continually  increase  in  numerical  value  :  after  the  zero 
point  the  Variation  Fund  must  eventually*  diminish  numerically 
(through  the  introduction  of  elements  of  the  contrary  sign),  until 
it  reaches  zero  at  the  limiting  age.     The  Variation  Fund  cannot 

*  The  diminution  will  not  usually  commence  immediately  after  the  zero  point 
because  the  Variation  Fund  is  accumulating  with  interest  and  benefit  of 
survivorship,  and  for  some  years  this  may  more  than  counterbalance  the 
reduction  due  to  elements  of  contrary  sign. 
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in  the  given  conditions  become  .       after  reaching  zero,  for 

°  .  .  negative 

if  it  did  the        '  , .       value  would  be  increased  by  the  subsequent 

.  .  negative  J  * 

positive 

1  values  of  M,  and  could  not  ultimately  become  zero,  as  it 

negative 

negative 
must  in  fact  do.     Therefore  the  Variation  Fund  must  be         ... 

positive 

throughout,  and  hence  the  Special  Policy-values  must  always  be 

less 

than  the  Normal  Policy-values, 
greater  * 

14.  The  above  reasoning  shows — 

(i)  That  if  K  be  constant,  its  value  must  be  zero  and  the 
two  sets  of  Policy-values  will  be  equal  throughout ; 

(ii)  That  if  M  be  first  negative  and  then  change  permanently 
to  positive  (which  it  will  certainly  do  if  its  value  be 
continually  increasing),  the  Special  Policy-values  will 
be  the  smaller  throughout ; 

(iii)  That  if  M.  be  first  positive  and  then  change 
permanently  to  negative  (which  it  will  certainly  do 
if  its  value  be  continually  decreasing),  the  Special 
Policy-values  will  be  the  higher  throughout. 

15.  Now  since  M,  is  equal  to 

[Accumulated  Excess  Premium]  minus 

[Excess  Strain  — Excess  Interest] 

i.e.,    [(F-P)(l+O]-[(j'-ff)S  +  (|i,-l»)VI-(i/-0V].     (6) 

it  will  (provided  i  be  constant)  be  equal  to  zero  throughout,  or 
continually  increasing,  or  continually  decreasing,  according  as  the 
[Excess  Strain  —  Excess  Interest]  be  constant,  decreasing,  or 
increasing.  Thus,  if  the  [Excess  Strain  — Excess  Interest]  be 
called  the   Critical   Function,  the   Special  Policy-values   will  be 

(1)  equal  to,  or  (2)  always  less  than,  or  (3)  always  greater  than 
the  Normal  Policy-values,  if  the  Critical  Function  be  (1)  constant, 

(2)  continually  decreasing,  or  (3)  continually  increasing ;  provided 
that  the  special  rate  of  Interest  be  constant. 

16.  These  relations,  which  have  been  obtained  by  general 
reasoning,  are  the  foundation  of  and  the  key  to  all  that  follows.  The 
relations  are  in  effect  very  simple  ones.  Just  as  a  Reserve-value  itself 
arises  from  the  circumstance  that  a  uniform  Premium  is  paid  for 
a  varying  risk,  thus  requiring  the  Surplus  Premium  in  the  early 
years  (over  and  above  the  amount  of  current  risk)  to  be  accumulated 
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to  form  a  Reserve  for  future  years  in  which  the  current  risk  will 
be  greater  than  the  Premium  :  so  when  two  different  bases  of 
valuation  are  compared  a  uniform  Excess  Premium  is  paid  to 
cover  a  varying  Excess  Outgo,  and  the  difference  between  the 
uniform  Excess  Premium  and  the  current  Excess  Outgo  has  to  be 
accumulated  to  form  a  Special  Reserve  Fund  which  will  meet 
similar  differences  in  the  reverse  direction  in  subsequent  years. 
The  varying  Excess  Outgo  is  the  [Excess  Strain  — Excess  Interest], 
and  the  Special  Reserve  Fund  is  what  has  been  termed  the 
Variation  Fund,  representing  the  difference  between  the 
Special  and  Normal  Policy-values.  If  the  Excess  Premium 
be  at  first  greater  and  afterwards  less  than  the  Excess  Outgo, 
the  Special  Fund  will  be  positive  and  the  Special  Basis  Policy- 
value  will  therefore  be  greater  than  the  Normal  Basis  Policy- 
value;  while  if  the  conditions  are  reversed  the  contrary  will  be 
the  case. 

17.  It  will  be  shown  hereafter  that  if  the  Special  Basis  be 
connected  with  the  Normal  Basis  by  a  definite  law,  the  condition 
that  the  Critical  Function  shall  be  continually  increasing  or 
continually  decreasing  will  be  fulfilled  in  a  number  of  important 
particular  cases,  and  it  follows  that  in  those  cases  general  relations 
between  the  Special  and  Normal  Reserves  can  be  found  without 
calculating  the  Special  Premiums  P'.  But  when  two  Mortality 
Tables  having  no  intimate  connection  are  compared,  the  Critical 
Function  may  follow  no  definite  law,  and  then,  of  course,  the 
method  will  fail  to  disclose  any  universal  law  (even  if  any  such 
exist)  as  to  the  relations  of  the  Policy-values.  If,  however,  the 
value  of  P'  is  known,  information  as  to  the  relative  Policy-values 
may  in  some  cases  be  obtained  from  mere  inspection  of  the  values 
of  -£,,  (i.e.,  the  Accumulated  Excess  Premium  — the  Critical 
Function),  though  the  Critical  Function  itself  be  neither 
continually  increasing  nor  continually  decreasing.  For  example, 
the  Critical  Function  may  vary  irregularly  in  such  a  manner  that, 
though  sometimes  increasing  and  at  other  times  decreasing,  yet  M, 

changes  sign  only  once — that  is,  _;.  commences  bv  being 

'  jo  ne<rative 

negative  .  , 

and  changes  to      °.  .       ;  and  in  these  circumstances  it  has  been 
positive 

greater 
shown   that   the    Special    Reserves    will    be    throughout      , 

than  the  Normal. 

18.  Next,  let  the  values  of  B  take  the  following  signs  in 
succession,  namely — 

-  ...  0+  ...  0- 
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then  the  previous  results  show  that  up  to  the  first  zero  point  the 
Special  Values  will  be  less  than  the  Normal;  at  some  point 
between  the  two  zero  points  the  Special  Values  will  become 
greater  than  the  Normal  and  they  will  thereafter  remain  greater 
until  the  end  of  life. 

19.  Again,   if  the   values  of  M  take  the  following  signs    in 
succession,  namely — 

+  ...0-...0  +  , 

the  previous  results  show  that  up  to  the  first  zero  point  the  Special 
Values  will  be  greater  than  the  Normal ;  at  some  point  between 
the  two  zero  points  the  Special  Values  will  become  less  than  the 
Normal,  and  they  will  thereafter  remain  less  until  the  end  of  life. 

20.  In  the  foregoing  investigation  it  has  been  tacitly  assumed 
that  according  to  the  Special  Basis  the  existence  of  the  status 
must  necessarily  cease  at  or  before  (but  in  no  case  after)  the 
point  at  which  it  ceases  according  to  the  Normal  Basis;  for  if  this 
be  not  the  case,  the  expression  [(</'  —  ^)S  +{p'—p) Vj]  will  have 
no  meaning  at  any  point  after  the  cessation  of  the  status  on  the 
Normal  Basis.  The  condition  in  question  does  not  affect  in  any 
way  the  application  of  the  theory  to  variations  in  the  rate  of 
Interest,  nor  to  the  introduction  of  the  Rate  of  Discontinuance ; 
nor  does  it  affect  the  general  propositions  given  in  Section  IV  of 
this  paper  as  regards  variations  in  the  rate  of  Mortality  where  the 
Normal  and  Special  rates  have  a  direct  functional  relation.  The 
point  may,  however,  be  of  importance  when  the  method  is  applied 
numerically  (in  the  way  described  in  Articles  17-19)  to  two 
Mortality  Tables  which  have  no  intimate  connection.  In  such  a 
case  let  the  nth  year  be  the  last  during  which  the  status  remains 
in  force  according  to  the  Normal  Basis.  Then  if  the  Excess 
Strain  of  the  nth  year  be  put  equal  to  [(q'n  —  <7m)Sw+//wV'm]  it 
may  be  shown  (by  means  of  the  investigation  referred  to 
in  the  foot-note  on  page  214)  that  I&  will  retain  its  fundamental 
property,  namely,  that  its  present  value  for  the  period  from 
the  date  of  entry  to  the  end  of  the  nth  year  will  be  zero,  and  the 
methods  of  Articles  17-19  can  be  applied  without  extending  the 
investigation  beyond  the  nth  year.  It  will,  however,  in  this  case 
be  necessary  to  know  the  value  of  P',  since  this  enters  into 
V'w,  which  is  involved  in  the  formula  for  the  Excess  Strain  of 
the  nth  year.  A  numerical  example  is  given  in  the  second 
half  of  Table  A. 
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21.  The  new  method  of  investigation  having  now  been 
expounded  and  fully  discussed  in  its  general  fornix  it  will  he  desirable 
to  consider  its  application  to  important  special  cases,  and  this  will 
be  done  in  the  succeeding  Sections.  To  avoid  misunderstanding, 
it  may  be  well  to  state  explicitly  that  the  conditions  obtained  in 
the  course  of  the  investigation,  while  they  are  sufficient  to  ensure 
that  the  Policy-values  shall  bear  the  stated  relations,  are  not 
Jiecessari/  conditions — in  other  words,  if  the  condition  be  fulfilled, 
the  given  relations  must  exist,  but  if  the  condition  be  not  fulfilled, 
the  given  relations  may  or  may  not  exist,  according  to  the 
circumstances  of  each  particular  case. 


111.  Variations  in  Rate  of  Interest,  the  Kate  of  Mortality 

REMAINING   UNCHANGED. 

22.  Putting  </  —  <j,  p' —p,  in  the  Equation  of   Equilibrium, 
there  results 

V(Y-t)  +  (P'-P)(l  +  O=0      ■     •     •     •     (7) 

or  (i  -»')  =  (P'-P)  (1+0 (8) 

that  is  to  say,  the  Excess  Premium  accumulated  at  the  special  rate 
must  be  numerically  equal,  but  of  opposite  sign,  to  the  Excess 
Interest  on  the  Initial  Normal  Reserve,  which  includes  the  Normal 
Premium.     If  this  equation  hold  good  each  year  we  shall  have 

(V„_1  +  P)(iw-i,„)  =  (P,-P)(i  +  «/„) (9) 

whence  »'»=»»-  ^'v^V'^        •     •     •      •      (10) 

and  the  Policy-values  based  on  the  special  rates  of  Interest  will, 
for  all  durations,  be  equal  to  those  based  on  the  normal  rate 
or  rates.  This  result  is  thought  to  be  new,  and  it  may  be  of 
interest  to  give  an  example  of  the  varying  rates  of  Interest 
equivalent  to  a  fixed  rate  of,  say,  3  per-cent. 
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Table  13. 

Hates  of  Interest,  in,  yielding  Policy-values  equal  to  those  based  on 
the  uniform  rate  of  03  [HM  Mortality,  Ordinary  Whole- 
Life  Assurance]. 


)l 

P'-P=  +  -001 

P'-P=-001 

Age  at  Entry 

Age  at  Entry 

20 

30 

40 

20 

30 

40 

1 

2 
3 
4 
5 

10 

15 

20 

25 

30 

35 

-  03745 
-•01348 
-•00216 
+  -00461 
•00919 

■01961 

02329 

•02518 

•02633 

•02709 

•02761 

-  -02202 

-•00267 

+  -00633 

•01153 

•01492 

02236 

■02507 
■02644 
•02725 
•02778 
•02813 

-  -00830 

+  -00628 

•01296 

•01678 

01925 

02453 

•02640 

•02735 

•02789 

■02824 

•02848 

+10762 
•07749 
•06430 
•05670 
•05169 

•04060 

•03679 

•03486 

•03369 

03293 

•03240 

+  -08787 
•06488 
•05481 
•04916 
•04553 

•03776 

•03498 

03358 

•03276 

•03223 

•03187 

+  -07138 
•05487 
04762 
•04356 

•04098 

•03553 
03362 
•03267 
•03211 
03176 
03152 

23.  Next,  let  the  excess  rate  of  Interest  take  such  a  value  that 
V(i  —  i')  varies  in  value  in  comparison  with  (P'  —  P)(l  +i'),  the 
accumulated  Excess  Premium.  Then  the  Special  Policy-values 
will  differ  from  the  Normal  Policy-values,  and  it  is  necessary  to 
consider  the  Critical  Function 

[Excess  Strain  — Excess  Interest] 

which  in  this  case  is  equal  to 

-Y(i'-i)orV(f-i'), 

since  the  Excess  Strain  vanishes. 

24.  Consider  the  important  case  in  which  %  and  %  have  fixed 
values,  so  that  i—%  is  constant.     If  the  constant  value  of  i—  %   be 

°.  .        and    if    V    be  continually   increasing  algebraically,  it 
positive 

decreasin0* 
follows   that   the  critical  function  Y   (i—i')   will  be   . 

v         '  increasing 

algebraically,   and  it  has  already  been  shown  that  under   these 
conditions  theSpecial  Policy-values  will  be  than  the  Normal 
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Policy-values.      Thus,   whatever  the  form    of  benefit,  a  constant 

increase    .  _  diminish     .  ,. 

,  m  Me   /7a.'e«  r/ue  u/  interest    will   .  the  Folio/- 

decrease  }  increase 

values,   provided    that     the     Normal    Policy-values     are    always 

increasing  algebraically  from  year  to  year. 

25.   In  the  case  of  an  ordinary  "Whole-Life  Policy  the  condition 

that     .'   shall   be   continually  increasing  will    be    satisfied    if   a 

constantly  diminish  as  x  increases,  which   is   in   agreement  with 

the  result  of  the  analytical  demonstration  given  in  the  Text-Book, 

Part    II,   Chapter  x\iii,  Article  70.      Thus  it  is    seen  that    the 

analytical    condition    there    obtained     for    a    particular    kind    of 

Policy  is  a  special  case  of  a  much  more  general  result.     It  may 

be   useful  to  give   a   numerical  illustration  showing  that  if  the 

condition   is  not  fulfilled  the  results  may  be  irregular.     This  will 

appear  clearly  from  the  following  Table,  based  on  the  Mortality 

Table  appended  to  the  Text-Bool-,  Part  II. 

Table  C. 

Showing  the  values  of  P0,  iY0,  aV§,  and  3Y„.      Text-Book  Mortality 

Table. 


Rate  of 
Interest 

P« 

iV, 

>V0 

3V0 

3    per-eent 

01609 

-1086 

-•1351 

-•1476 

H      » 

01630 

-1079 

-1356 

-•1497 

5 

•01656 

-  -1075 

-•135-i 

-■1497 

6 

•01726 

-1065 

-•1344 

-•1493 

26.  Here  it  is  seen  that  the  Policy-values  are  negative  and 
algebraically  decreasing,  with  the  result  (in  these  particular 
cases)  that  the  Pure  Premiums  increase  as  the  rate  of  interest 
increases,  while  the  Policy-values  sometimes  vary  in  one 
direction,  and  at  other  times  in  the  contrary  direction. 

IV.  Variations  in  the  Rate  of  Mortality,  the   Rate  of 
Interest  remaining  unchanged. 

27.  Putting  i'  =  i  in  the  Equation  of  Equilibrium,  there  results 

(P'-?)(l  +  i)  =  (f-q^+(p'-p)Vl      .     .     (11) 

which  expresses  that  if  the  Normal  Basis  and  the  Special  Basis 
produce  identical  Policv-values,  the  Excess  Premium  accumulated 
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to  the  end  of  the  year  must  provide  the  Excess  Claims  then 
payable  plus  the  Excess  Reserves  for  the  continuing  Policies. 
For  all  cases  in  which  p  +  q—p'  +  q'  =  1  (see  Article  6)  this 
relation  may  be  put  into  the  form 

(P/-P)(l  +  »)=(?/-?)(S-VI)      .     .     .     (12) 
whence 


q  -q  = 


(P'-P)(l  +  t)  /        .  1        ...  .       \  ,.« 

* o~^r -I  varying  as  ,    it  i  constant  1    .     (13) 


and  this  is  the  condition  required  to  hold  good  each  year  in  order 
to  produce  equivalent  Policy-values.  In  the  special  case  of  an 
ordinary  Whole-Life  Policy  assuring  unity  on  a  life  aged  x  at 
entry,  the  result  shows  that  the  excess  rate  of  mortality  which, 
will  leave  Policy-values  unchanged  must  be  equal  for  the 
(n  +  l)th  year  to 

'i±iK^),,,,to,1  +  !),P'-P)rJ±^     .     (14) 

1  »  »  4- 1  l     I    "  X  + » + 1 

i.e.,  proportional  to  =— . 

1  -ra.i-+n+i 

28.  This  may  be  shown  to  agree  with  the  results  obtained 
in  the  Text-Book,  Part  II,  Chapter  xviii,  Articles  56-68.  It  is 
there  shown  that 

'        _  f^  k    \ 

V  x+n  —  Px+n[  l  ) 

k 

T1         e  ,  (1+0* 

lheretore  p  x+n—px+n=  —  *  _r > 

i  "T  A.r  +  ra+1 


or 


,        _  (1  +  fl* 

Q  x+n       Qx+n —  l    I-  ' 

1  "r"j;+tt  +  l 


which  is  proportional  to  — - . 

1  +  Ujc  +  n+l 

29.  It  is  shown  in  the  Text-Book,  Chap,  xviii,  Article  51, 
that— 

P'=(l+k)V  +  kd, 

or  P'-P=*PH  kd=h(P  +  d), 
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whence  (l+f)(F-P)(l+a,)=(l+i)*J 

fl    §       ,  (l  +  i)k        (l+i)(P'-P)(l  +  «,)    .... 

so  that     q  x+n-qx+n=  -  =  -    —  — .  (lo) 

1 -T  "r+n  +  i  1-r«j  +  n  +  i 

Thus  it  is  again  seen  that  the  analytical  condition  obtained  for  a 
particular  kind  of  Policy  is  bat  a  special  case  of  a  very  general 
principle. 

30.  The  essential  point  of  the  results  obtained  above  is  that 
the  Excess  Mortality  is  proportional  to  the  Sum  Assured  less  tin- 
Reserve  at  the  end  of  the  year,  i.e.,  to  the  Death  Strain  at  risk. 
Hence  if  any  given  difference  in  the  rate  of  mortality  leave  Policy- 
values  unchanged,  any  multiple  of  that  difference,  whether  added  to 
or  subtracted  from  the  normal  rate  of  mortality,  will  also  leave 
Policy -values  unchanged. 

31.  If  the  Excess  Mortality  take  such  a  value  that 
{jq  —  y)S+  {p' —  p)Vi  varies  in  comparison  with  (P'  — P)(l  +  i), 
instead  of  being  always  equal  to  that  quantity,  then  the  Special 
Reserves  will  differ  from  the  Normal  Reserves  and  the  Critical 

Function  will  be 

[Excess  Strain]  =  [(/- ?jS +(//-/;)  V,]  . 

The  general    investigation    in    Articles    6-15  shows    that    if 

. .    .        .       .  •       n      increasing     .     0       .  ,   „  ... 

this  function  is  continually    ,  .      ,  the  Special  Reserves  will 

*    decreasing  r 

creater 

be  throughout      ,  than  the  Normal  Reserves. 

less 

32.  Consider  now  the  class  of  Policies  (previously  referred 
to)    for    which    p+Q=p' +q'=\J    so    that    the    Excess     Strain 

=  (q'  —  #)(S  —  Vj),  and  suppose  that  q'  —  q  has  a  fixed  value.    If 
(S  — Vj)   be   continually  diminishing,  the    Excess    Strain,  which 

/ci     T7-  \  /  /       \       -ii  i  ^-       ii      decreasing     ,     ,  .. 

=  (b— V,) (q  —q),  will    be   continually    .  .         algebraically 

J     increasing       c 

v  /         •     positive         i  ■    t       i  i  ,  i 

according  as  r/  -o  is  .      ,  and  it  has  been  shown  that  under 

negative 

less 
these  conditions  the  Special   Reserves  will  be  than  the 

greater 

Normal  Reserves.     Thus,  whatever  the  form  of  benefit,  ifp  +  q  =  l 

increase     .  .  diminish 

a  constant     .  tn  the  rate  of  Mortality   wilt  the 

decrease  "  9  increase 

Policy-values  provided  that  (S  —  Vi)  is  constantly  decreasing 
from  year  to  year. 
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33.  Next,  take  the  case  in  which  (still  considering  the  class  of 

Policies  for  which  ^  +  5  =  1)  the  Excess   Mortality  is  such  that 

p'=(l+k)pJ  where  k  is  any  constant,  positive  or  negative;  then 

q'  —  q=p—p'  =  —fop.     If  p  be  always  decreasing  in  numerical 

value    q'  —  q    or    —fop    will    be    so    too:    and    if   S— Vj  have   a 

continually     diminishing     positive     value,     (</'  —  <?)($  —  V,),    the 

Excess   Strain,  will  always  be  diminishing   in    numerical  value, 

and  will  always  have  the   same  sign  as  q'  —  q,  i.e.,  the  opposite 

sign  to  k.     Thus  the  Excess  Strain,  which    in    this  case    is  the 

„  ■  ■     ,     nn        •  mi     1  ,-n      increasing        , 

Critical     Function,    will     have    a    continually    ,  .   °    value 

'  J    decreasing 

according  as  k  is  .      .     It  has  been  shown  that  under  these 

0  negative 

conditions  the  Special  Reserves  will  be      ,  than  the  Normal 

r  less 

Reserves.      Thus,  for    all  benefits  giving  p  +  q  =  l   I  he  effect  of 

ina-easinq  ,  ,     ,  ,  .„    ,      .     increase 

..*      p    by    a    constant    percentaqe    will    be    to     ,.    ... 

diminishing    r      J  r  *  diminish 

the    Policy-values,    provided    that     (S  — V])    be   always    positive 

and  that  p  and  (S  — V,)   be  continually  decreasing.     This  result 

is  stated  for  the  particular  case  of  a  Whole-Life  Policy  in  the 

Text-Book,  Chapter  xviii,  Articles  59  and  60,  and  a  numerical 

illustration  will  be  found  in  the  J.I. A.,  xxiii,  page  390. 

34.  Considering  now  Ordinary  Whole-Life  Policies,  let 
q'  —  q  =  kq,  i.e.,  let  the  rate  of  mortality  be  increased  or 
diminished  in  a  constant  ratio.  Then  if  q,  and  therefore  kq,  or 
q'  —  q,  be  continually  increasing  and  (1— V,)  continually 
decreasing,  the  product  kq{\  —  Vj)  may  prima  facie  be  either 
increasing  or  decreasing,  and  it  is  necessary  to  investigate  which 
is  the  case.  Turning  to  the  Fundamental  Equation,  Article  6, 
it  will  be  seen  that 

jr(l-V,)=P(l+f)+V(l  +  i)-Vi 

•••     A[9(l-V1)]=(l  +  i)AV-AV, 
=  iAV-A2V 

=  (P  +  ^)(A2«-?'Aff). 
Therefore 

A[y(l— V,)]  is  +,  0,  or  — ,  as  A2a  — i'A«  is  +,  0,  or  — , 

i.e.,  as  A2a  >  =  <  iAa  *. 

*  This   result  has    been    taken    by    the    Author    from    Question    17    in    the 
Examination  Paper  for  Part  111  of  the  Institute  Examinations,  1904. 
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Thus  kq  (1— V,)  or  (q  —q)(l  —  Vi),  will  be  increasing,  constant 
or  diminishing,  according  as  A-V/>  =  <  iAa,  and  it  will  have  the 
same   sign    as    k    because  (1  — V,)   must  necessarily  be  positive. 

Hence,  if  A-«  be  always  °  than  i'Aa  the  Excess  Strain  will 

■*        less 

increasi  n (r 
be   algebraically    ,  .        and    the    Special    Reserves    will    be 

•    decreasing  ■ 

srreater 

r.  than  the  Normal  Reserves, 

less 

35.  Thus,    for    ordinary    Whole-Life    Policies    the    effect    of 

increasing  or  diminishing  the   rate    of  mortality    by    a    constant 

percentage  will  be  to  change  the  Policy-values  in  the  same  direction 

■     ,i  i-  j-  i«    •    grater  tl        .A     - 

or  in  the  reverse  direction,  according   as  A-a  is       .  than  lAa.- 

An  example  will  be  found  in  the  J. I. A.,  xxiii,  page  389,  showing 

that  in  the  particular  case  there  dealt  with  the  effect  of  increasing 

the    rate  of    mortality  by  5   per-cent  throughout   is  to  increase 

Policy-values.     In  the  case  of  the  HM  Table   it   will  be  found 

that,  for   ages   over  30,  ±-a  is  nearly  always  greater  than  iAa, 

.  ,         ~  P      increasing      .  P  ,. 

so    that    the    effect   or     ,.     .  .  , .       the   rate    or  mortality  in    a 
diminishing  J 

constant  ratio  will  be  to    ,  the  Pol  icy- values  for  lives  over 

decrease  ' 

that  age  at  entry. 

36.  Dr.  Spragne  enunciated  (J. LA.,  xxi,  109-110)  the 
following  conclusions,  based  upon  an  examination  of  the  Whole- 
Life  Policy-values  produced  by  particular  Mortality  Tables  : 

"  It  therefore  seems  that  we  may  fairly  draw  the  following 
"conclusions;  (1)  if  two  tables  show  the  same  mortality  at 
"  young  ages,  and  at  higher  ages  an  increasing  difference  in  the 
"  rate  of  mortality,  then  the  one  which  shows  the  higher  rate  of 
"  mortality  will  require  larger  Policy-values  ;  (.2)  if  two  tables 
"  show  the  same  mortality  at  high  ages,  but  an  increasing 
"  divergence  as  we  proceed  to  younger  ages,  then  the  table  which 
"  shows  the  lower  mortality  at  younger  ages  will  require  larger 
"  Policy-values ;  and  (3)  if  two  tables,  A  and  B,  show  the  same 
"  rate  of  mortality  at  the  middle  ages,  say  about  50,  but  at 
"  younger  ages  the  Table  A  shows  the  higher  mortality  and  at 
"  higher  ages  the  lower  mortality,  then  Table  A  will  require  the 
'•  lower  Policy-values." 

*  When  Tables  of  Policy-values  are  available,  the  criterion  (1  +  i)AV  >  =  <  AVj 
will  be  found  more  convenient. 

Vol..    XXXIX.  O 
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37.  These  conclusions,  based  merely  on  observation  of  particular 
cases  of  a  limited  class  of  benefit,  may  be  shown  by  the  method 
now  under  discussion  to  be  very  generally  true  ;  and  at  the  same 
time  their  limitations  may  be  indicated.  The  investigation  will 
be  restricted  to  Benefits  for  which  p  +  q=l. 

38.  Let  the  Table  stated  to  produce  the  lower  Policy-values  be 
treated  as  the  Normal  Basis.  Then  in  case  (1),  the  Excess 
Mortality  of  the  other  Table,  namely,  q'  —  q  will  be  first  zero,  then 
positive  and  numerically  increasing.  The  value  of  (S  — V,)  will 
usually  be  positive  and  numerically  decreasing :  and  if  the 
rate  of  decrease  be  lower  than  the  rate  at  which  q  —  q  is  increasing, 
the  Critical  Function  {q —q)  (S  —  V,)  will  be  increasing 
algebraically. 

39.  In  case  (2),  q '  —  q  will  be  negative  and  numerically  decrease 
until  it  reaches  zero.  If  (S  — Vj)  be  positive  and  numerically 
decreasing,  (</'  —  <?)  (S  —  Vj)  must  therefore  be  increasing 
algebraically. 

40.  In  case  (3),  q  —  q  will  be  first  negative  and  numerically 
decreasing,  then  zero,  afterwards  positive  and  numerically 
increasing.  Up  to  the  zero  point  {q  —  §,)(S  —  V,)  will  be 
algebraically  increasing,  provided  only  that  (S  — V,)  be  positive; 
after  that  point  it  will  be  algebraically  increasing  provided 
(S  — Vi)  be  (a)  positive  (6)  decreasing  numerically  at  a  lower 
rate  than  that  at  which  q  —  q  is  increasing. 

41.  Thus  in  each  case,  subject  to  the  specified  limitations,  the 
Critical  Function  is  increasing,  and  the  Special  Basis,  therefore, 
produces  the  higher  Policy-values. 

42.  There  is  one  special  case  of  particular  importance  which 
should  be  mentioued  here.  From  the  nature  of  the  construction 
of  the  0M  Table  as  compared  with  the  0M  Table,  these  tables 
fall  into  Case  (2).  Thus  for  all  classes  of  benefits  giving  p  +  q  =  1, 
and  (S  — Vj)  continually  decreasing,  the  0M  Policy -values  must 
be  higher  than  the  0M  Policy-values  for  all  durations,  and  for  all 
ages  at  entry  up  to  74  inclusive.  For  older  ages  the  two  Tables, 
and  therefore  the  Policy-  Values,  are  practically  identical. 

V.  Modifications  of  the  preceding  Investigations  when  the 
Benefits  and  the  Premiums  are  payable  continuously. 

43.  The  results  hitherto  obtained  have  been  deduced  on  the 
assumption  that  the  Premiums  are  payable  at  the  beginning,  and 
the  Benefits  at  the  end,  of  each  year.  For  purposes  connected 
with  Industrial  Assurances  it  is  desirable  to  modify  the  formula 
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to  meet  the  case  of  Premiums  and  Benefits  payable  continuously. 
This  may  be  done  without  difficulty,  and  it  will  be  found  that  the 
formula?  are  in  reality  simplified  through  the  absence  of  any 
distinction  between  the  beginning  and  end  of  the  momently 
intervals  under  consideration. 

44.  Turning  to  the  Fundamental  Equation  in  Article  6,  it  will  be 

seen  at  once  that  if  the  interval  be  reduced  from  a  year  to  year, 
the  formula  will  become — 

vfi-f  i)+v'""(i  +  i)=  qs+iP.Vi  .   .    (16) 

V  mj  m    V         w*/       W  mm 

in  which  j  represents  the  nominal  rate  of  Interest   convertible 

m\y.  P(m)  the  Annual  Premium  payable  mly,  -    the    chance  of  a 

J     m 

claim  arising    at  the  end  of  the  interval  of  -    year,  and   \p  the 

m  m 

chance  of  the  status  remaining  in  existence  at  the  end  of  the 
interval.     The  Equation  may  be  transformed  as  follows  : 

^V+P(w'Yl  +  -n=-S+  ip.Vi  -V 
m  m  \        mj      in         m*        m 

=  lS+(Vi-V)-(l-iP)Vi 

""  m  m  m 

=  ^  +  (Vi-Y)-(0p-xp)Yli 

'"  m  m  m 

f       ,N             Vi-V      0p-ip 
i.e.,      >V  +  P^(l+7y=ryS+-^I ^  Vi,  .      .      (17) 

m  m 

45.  If  the  interval  —  be  made  infinitely  small,  this  becomes — 

m  J 

which  will  be  the  new  Fundamental  Formula.  If  a  different 
basis  of  valuation,  denoted  by  accented  symbols,  give  identical 
Policy-values,  we  shall  have — 

ST  +  P^S+^V,]^,,/]^     .     .     (19) 

q  2 
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and  the  new  Equation  of  Equilibrium  will  be — 

(8'-8)V+(P'-V)  =  ^-^+^lt(y-/P)']j_Y  .     .     (20) 

that  is,    P'_P  =  (/-^)S+[^  (,;/-/>)]      V-(8'-S)V     (21) 

or       [Excess  Premium]  =  [Excess  Strain]  —  [Excess  Interest] . 

By  means  of  this  Equation  the  results  for  Continuous  Benefits  may 
be  obtained  by  reasoning  precisely  similar  to  that  previously  used 
for  Annual  Benefits.  It  is  unnecessary  to  give  the  processes 
in  full,  but  the  values  of  the  Critical  Functions  and  the  results 
obtained  for  the  principal  cases  are  collected  together,  and 
exhibited  side  by  side  with  those  already  obtained,  in  the 
Summary  appended  to  this  Paper. 

VI.  Introduction  of  the  Rate  of  Discontinuance,  the  Rate 
of  Interest  and  the  Rate  of  Mortality  remaining 
unchanged. 

46.  So  far  as  the  writer  is  aware  no  general  theoretical 
investigation  has  yet  been  given  dealing  with  the  effect  of 
introducing  the  rate  of  Discontinuance  in  the  calculation  of 
Net  Premiums  and  Reserve  Values.  Mr.  Hunter,  J.I,  A.,  xxxvi, 
pp.  51-2,  quotes  the  following  remarks  by  Mr.  King  : 

"  The  company  which  takes  account  of  discontinuances 
in  calculating  its  premiums  requires  to  make — and  I  can  prove 
it  by  mathematics — a  considerably  higher  reserve  than  a 
company  charging  the  ordinary  level  premiums.  .  .  A  premium 
calculated  to  allow  for  discontinuances  is  naturally  lower  than 
the  premium  calculated  for  mortality  only.  .  .  Now  it  is 
found  that  discontinuances  take  place  in  great  proportion  in 
the  early  days  of  the  policies,  and  that  when  policies  have  been 
in  existence,  say,  ten  or  fifteen  years,  discontinuances  practically 
cease.  .  .  Now  the  premium  being  lower  than  the  ordinary 
level  premium  and  the  risk  being  the  same  [i.e.,  after  the 
discontinuances  have  ceased — Gr.  J.  L.],  and  the  premium  being 
part  of  the  assets  relied  upon  by  the  office  in  order  to  meet  the 
claim,  it  follows  that  the  other  part  of  the  assets,  namely,  the 
reseiwes,  must  be  increased.  So  that  if  the  premium  is  reduced 
by  the  application  of  lapses  to  lower  the  premium,  then  the 
reserves,  on  the  other  hand,  must  be  increased.   .   ." 
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47.  It  does  not  appear  that  the  mathematical  proof  in  question 
has  ever  been  published,  and  Mr.  King's  general  reasoning — 
while  it  clearly  shows  that,  if  discontinuances  entirely  cease 
after  a  number  of  years,  the  Policy-values  will  thereafter  be 
increased  if  the  net  Premiums  and  Reserves  are  modified  to 
allow  for  Discontinuances — does  not  enable  one  to  determine 
whether  in  the  early  years  Reserves  will  be  increased  or 
diminished.  On  this  point  Messrs.  Ackland  and  Bacon,  in  their 
paper,  J.I.A.,  xxxviii,  560,  remark — "  It  does  not  appear  to  us  to  be 
"  demonstrable  that  in  the  case  of  a  Net  Premium  Valuation  the 
"  introduction  of  the  element  of  lapse  will  always  tend  to  increase 
"  reserves." 

48.  The  fact  appears  to  be  that  just  as  special  rates  of  Mortality 
and  Interest  may  be  found  which  will  produce  Policy-values 
either  equal  to,  greater  than,  or  less  than  Normal  Policy-values, 
so  there  must  be  rates  of  Discontinuance  which  will  produce 
similar  results.  This  will  now  be  shown  to  be  the  case,  and  it 
will  be  found  that  the  new  method  of  investigation  enables  the 
question  to  be  treated  writh  great  facility,  although  a  purely 
analytical  method  would  be  difficult,  if  not  impracticable,  owing 
to  "  the  fact  that  the  usual  relation  does  not  hold  between  the 
"  annuity  with  allowance  for  lapse  and  mortality  and  the  single 
"  premium  for  the  assurance  payable  on  death  (with  allowance 
"  for  lapses)." 

49.  First  suppose  that  all  the  withdrawals  take  place  at  the  end 
of  the  year,  immediately  after  the  claims  of  the  year  have  been 
paid :  in  this  case  the  rate  of  withdrawal  will  be  what 
Mr.  Todhunter  has  called  the  "  Rate  of  Non-Renewal."  Let  to 
be  the  rate,  so  that  for  each  status  in  force  at  the  beginning  of 
the  year  wp  will  withdraw  at  the  end,  and  let  the  surrender 
allowance  be  (SV)  ;  then  the  profit  on  withdrawals  for  the 
nth  year  will  be  wp[\\  —  (SV)],  and  if  this  have  a  constant  value 
it  must  be  just  sufficient  to  counterbalance  the  loss  of  Premium 
accumulated  to  the  end  of  the  year.  Thus  the  following  relation 
must  hold  each  year,  namely  : 

(P-n(l  +  0  =  ^[V1-(SV)];or^=(|^)(^).      .     (22) 

In  these  circumstances  the  Special  Policy-values  will  be  equal 
throughout  to  the  Normal  Policy-values,  whatever  the  form  of 
benefit  may  be.  Take,  for  example,  a  case  which  admits  of  easy 
numerical  verification,  namely,  a  15-year  Endowment  Assurance 
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on  a  life  aged  35  at  entry — Normal  Basis  HM  3  per-cent,  and 
suppose  that  there  is  no  allowance  on  Withdrawal,  so  that  (SV)  =  0. 
Then  the  following  rates  of  non-renewal  will  reduce  P  by  '00971, 
[i.e.  (P  —  P')(l  +  i')  =  -01],  but  will  leave  Policy-values  unaltered 
— a  relation  which  has  been  verified  by  actual  calculation. 

Table  D. 

Rates  of  Non-Renewal  tohich  will  leave  Policy-values  unaltered  in 
the  case  of  a  15-year  Endowment  Assurance  on  a  life  aged  35 
at  Entry.     Normal  Basis  HM  3  per -cent. 


Year 

Kate  of  Non-Renewal 

1 

•1977 

2 

•0973 

3 

•0638 

4 

•0470 

5 

•0370 

6 

•0303 

7 

•0255 

8 

•0219 

9 

•0191 

10 

•0168 

11 

0150 

12 

0135 

13 

0122 

14 

•0215* 

15 

•oooo* 

*  The  strict  application  of  the  formula  would  give  the  values 
•0111  and  "0102  for  the  14th  and  15th  years,  hut  as  it  would  be 
absurd  to  suppose  withdrawals  to  take  place  at  the  moment 
when  the  Policy  is  nialuriug,  a  modification  has  been  introduced, 
with  the  result  that  "V'u  =  Yu,  instead  of  V']4  =  Vli. 


50.  But    if   the  rate   of  withdrawal    take  such  a  value  that 

—  wp{Vi  —  SV)  varies  in  value  as  compared  with  (P'  —  P)(l+i), 

instead  of  being  always  equal  to  that  quantity,  it  will  be  seen  (as  in 

the  case  of  variations  in  mortality  or  interest)  that  (P'  —  P)  (1  +  i) 

must  lie  between  the  greatest  and  least  values  of  —  ivp(Vi  —  SV), 

which  will  therefore  be  the  u  Critical  Function."     And  without 

repeating  the  formal  demonstration  at  length,  it  will  be  clear  that 

increasing 
according    as    -u^Vx-SV)    is    decreasin°   (*•«•*  according  as 

the  lowest  values  come  in  the  early  years  or  in  the  later  years), 
there  will  be  a  surplus  Premium  in  the  early  years  to  be  carried 
forward  and  accumulated  (at  interest  and  with  benefit  of 
survivorship  and  continuance)  in  order  to  meet  the  deficiency  of 
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Premium  in  subsequent  years;  or  a  deficiency  in  the  early  years 

which  must  be  similarly  accumulated  and  gradually  repaid  out  of 
the  Surplus  Premium  of  the  later  years.  In  the  one  case  the 
Special  Policy-values  (i.e.,  those  in  which  the  element  of 
discontinuance  is  introduced)  will  be  greater,  and  in  the  other 
case  less,  than  the  Normal  Policy-values. 

51.  Passing  to  the  case  of  Benefits  and  Premiums  payable 
continuously,  the  force  of  discontinuance  must  also  be  supposed 
to  act  continuously.  Let  w  represent  the  continuous  rate  or 
"Force"  of  discontinuance:  then  it  is  evident  that  the  Critical 
Function  will  be  —  to(V— SV),  and,  according  as  this  is 
increasing,  constant  or  diminishing,  the  Special  Policy-values 
will  be  greater  than,  equal  to,  or  less  than  the  Normal 
Policy-values. 

52.  Since  it  is  only  the  progression  of  the  Critical  Function  that 
is  in  question,  and  not  its  absolute  value,  it  is  evident  that  if 
it  be  increased  or  diminished  in  a  constant  ratio  at  all  ages, 
the  direction  of  the  change  in  the  Policy-values  will  not  be 
altered.  Again  if  the  surrender-value  be  zero,  the  Critical 
Function  =  —wp  V,  for  Annual  Policies,  or  —ivV  for  Continuous 
Policies ;  and  if  the  surrender-value  be  a  fixed  proportion, 
say  k,  of  the  Normal  Policy-value,  the  Critical  Function 
= —wp(\1  —  k\i)  = —wp(l—k)Yi  for  Annual  Policies,  or 
— 77-(l  — A*;\'  for  Continuous  Policies  ;  so  that  in  the  case  both  of 
the  Annual  and  the  Continuous  Policies,  if  the  surrender-value  be 
k  times  the  Normal  Policy-value,  the  Critical  Function  is  (1  —  k) 
times  (i.e.,  a  constant  proportion  of)  the  Critical  Function 
applicable  to  the  case  in  which  no  surrender-values  are 
allowed. 

53.  Hence,  if  any  given  rale  of  non-renewal  for  Annual  Policies, 
or  any  given  force  of  withdrawal  for  Continuous  Policies,  be 
found  to  produce  (1)  no  change,  or  (2)  an  increase,  or  (3)  a 
decrease  in  Policy-values,  when  any  given  fixed  proportion  of  the 
Normal  Value  is  allowed  on  surrender ;  the  same  rate  or 
Jurce  (or  any  constant  multiple  thereof)  will  produce  a  similar 
effect  (i.e.,  a  change  in  the  same  direction)  if  the  surrender-value 
be  any  fixed  proportion  whatever  of  the  Normal  Value.* 


*  Table  XXIII  appended  to  Messrs.  Bacon  and  Ackland's  Paper  (J.I.A., 
xxxviii,  605)  shows  an  apparent  exception  for  duration  0,  but  the  explanation 
appears  to  be  (1)  that  a  halved  lapse  rate  is  not  consistent  with  a  halved  force 
of  lapse,  and  the  difference  is  very  marked  for  duration  0;  (2)  that  the 
Surrender-value  there  dealt  with  n  as  not  a  rixed  proportion  of  the  Normal  Reserve. 


232  Changes  in  Pure  Premium  Policy-Values.         [Apiul 

54.  As  an  illustration  of  the  application  of  the  Critical  Function 
to  determine  the  relation  between  the  Policy-values  with  and 
without  the  introduction  of  the  lapse  element,  it  will  be  convenient 
to  take  examples  from  the  tables  appended  to  the  paper  by 
Messrs.  Ackland  and  Bacon  already  referred  to.  The  Policy- 
values  there  given  in  Tables  XIX  to  XXIV  are  the  Continuous 
Policy-values  (Form  V),  and  the  Critical  Function  will  therefore 
be  —  w(V—  SV),  where  SV  equals  zero  for  durations  under 
5  years,  and  equals  25  per-cent  of  the  aggregate  office  premiums 
paid  for  greater  durations.  It  is  therefore  necessary  to  calculate 
w,  since  the  figures  given  in  Table  I  {J.I. A.,  xxxviii,  570-1)  are 
the  Annual  Rates  of  withdrawal  amongst  those  who  do  not  die  in 
the  year,  which  may  be  denoted  by  r.     The  values  of  w  have  been 

V 

found  from  the  approximate  formula  wt+^=  =— =r— >  which  will  be 

sufficiently  accurate  for  the  purpose,  although  for  the  earliest 
durations  no  practical  approximation  will  be  very  close  to  the 
exact  value.  It  will  be  convenient  to  take  specimen  ages  at  entry, 
I,  35,  and  75  next  birthday,  corresponding  to  the  assumed  exact 
ages,  \,  34£,  and  74£  at  entry.  The  Policy-values  tabulated 
under  curtate  duration  0, 1, 2  .  . .  correspond  to  assumed  completed 
durations  \,  1\,2\  .  .  .     The  values  of  w  at  the  points  ^,\\  .  .  . 

will  be  found  by  the  formula  already  given,  namely,  wt=  ~ —    —  , 

and  for  this  purpose  the  values  of  r  will  be  taken  from  the  columns 
headed  a  in  Messrs.  Ackland  and  Bacon's  Table  I. 

55.  With  these  preliminary  explanations  the  following  Table 
showing  the  derivation  of  the  Critical  Function  will  be  easily 
followed. 
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Table  E. 


Skewing  the  derivation  of  the  Critical  Function  in  the  case  of  a  Whole-Life 
Policy  assuriny  a  maximum  of  100  (with  reduced  benefit  for  the  first 
10  years  in  the  case  of  Aye  [1]  at  Entry — vide  J. I. A.,  xxxviii,  551). 
Normal  Basis,  Enylish  Life  -Yo.  Ill,  3  per-et  nt. 
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56.  Considering  first  age  at  entry  35,  as  representative  of  entry- 
ages  neither  very  young  nor  very  old,  it  is  seen  that  the  Critical 
Function  is  negative  throughout,  i.e.,  the  withdrawals  produce  a 
profit  at  each  duration ;  and  although  the  values  progress 
somewhat  irregularly,  they  are  clearly  on  the  whole  numerically 
decreasing  and  therefore  algebraically  increasing.  Hence  it 
may  be  concluded,  without  calculating  P',  that  the  Special  Policy- 
values  (i.e.,  those  including  the  element  of  lapse)  will  be  greater 
than  the  Normal;  because  the  numerically  decreasing  profit  is 
equated  to  a  constant  diminution  of  Premium  and  the  excess  in 
the  early  years  is  added  to  reserves  and  carried  forward  to  meet 
the  deficiency  in  later  years.  This  is  shown  more  conclusively  by 
the  last  column,  giving  the  values  of  M,  which  involve  the 
values  of  P'.  The  Table  shows  that  IE  is  positive  up  to 
curtate  duration  4  and  thereafter  negative  ;  and  hence 
(see  Article  14)  the  Special  Policy-values  will  be  the  greater 
throughout.  The  numerical  examples  given  in  Table  XXI, 
J. I. A.,  xxxviii,  603,  show  that  this  is  actually  the  case. 

57.  Taking  next  age  75  at  entry,  the  Critical  Function  is 
negatice  under  duration  5  [i.e.t  while  no  surrender- values  are  payable) 
and  thereafter  positive ;  in  other  words,  the  withdrawals  produce  a 
profit  in  the  early  years  and  a  loss  thereafter;  and  M,  is  first 
positive  and  afterwards  negative.  Therefore  in  this  case  also  the 
Special  Pol  icy- values  must  be  the  greater,  as  they  are  seen  to  be 
in  Table  XXIII,  J. I. A.,  xxxviii,  605. 

58.  These  examples  are  sufficient  to  show  that,  when  the  Critical 
Function  progresses  with  regularity,  the  theory  will  predict  and 
explain  the  general  relations  between  the  Special  and  Normal 
Policy-values;  and  it  becomes  clear  why  the  rapidly-diminishing 
force  of  withdrawal  which  is  experienced  in  practice  results  in 
enhanced  reserves.  It  is  otherwise,  however,  with  age  at  entry  1. 
There  the  Policy-values  are  sometimes  positive  and  at  other 
times  negative,  while  even  in  the  former  case  they  are  occasionally 
less  than  the  guaranteed  Surrender-value,  and  the  result  is  seen 
in  the  great  irregularity  of  the  Critical  Function,  which  changes 
sign  no  less  than  four  times.  In  these  circumstances,  the  Critical 
Function  alone  can  hardly  be  expected  to  throw  much  light  on 
the  relations  between  the  Policy-values,  and  it  need  be  no  matter 
for  surprise  that  these  relations  are  themselves  somewhat 
anomalous,  as  pointed  out  in  Messrs.  Ackland  and  Bacon's 
Paper.  To  the  present  writer,  however,  it  would  appear  that 
these  anomalies  are  not  in  their  entirety  inherent  in  the  problem, 
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bat   that   they  must   be   in  some   measure  due  to   the  inevitabl* 

inexactness  of  approximations  to  the  values  of  functions  which 
involve  a  rapidly  changing  lapse  rate.  This  view  of  the  matter 
is  founded  on  the  following  considerations. 

59.  From  the  point  of  entry  up  to  curtate  duration  0  (i.e., 
complete  duration  £)  the  Normal  Policy-value  V  is  positive 
throughout.*  Hence,  whatever  the  precise  values  of  //-,  which  are 
somewhat  uncertain, w(V — SV),  i.e.,wV since  SVis  zero,  is  positive, 
and  according  to  Table  XXIV  of  Messrs.  Ackland  and  Bacon's  Paper 
P'  — P  has  also  a  positive  value,  namely,  077  per-cent.  It 
follows  that  (P'  —  P)+u>V,  i.e.,  _.,  must  be  positive  at  all  points 
from  the  date  of  entry  up  to  complete  duration  |,  and  therefore 
the  Special  Policy-values  must  be  greater  than  the  Normal  during 
that  interval. 

60.*  The  same  argument  may  be  expressed  in  more  general 
language.  For  the  period  under  consideration  (namely,  from 
entry  to  complete  duration  h)  the  Lapse-Basis  values  are 
credited  with  a  higher  net  Premium  than  the  Normal,  and  in 
addition  a  profit  is  made  on  each  lapse,  because  the  positive 
reserve  in  hand  against  the  lapsed  Policy  is  released.  At  the 
end  of  the  period  the  accumulated  excess  Premium  plus  the 
accumulated  profit  on  lapses  will  be  in  hand  in  addition  to  the 
Normal  Policy-values  for  the  continuing  Policies,  that  is  to  say, 
the  Lapse-Basis  Policy-values  must  be  greater  than  the  Normal. 
The  values  are,  however,  given  in  Ackland  and  Bacon's  Table  XIX 
as  *246  per-cent  excluding  lapse  rate,  and  "Oil)  per-cent  including 
full  lapse  rate,  so  that  the  Special  Policy-value  is  shown  as  less 
than  the  Normal — contrary  to  the  general  results  obtained  above. 

61.  It  would  appear,  therefore,  that  the  approximate  methods 
used  faute  de  mieux,  in  calculating  the  Policy-values,  involve 
certain  inaccuracies  which  disturb  to  some  extent  the  natural 
relations  between  the  Special  and  Normal  Policy-values,  and  a 
glance  at  the  column  headed  E.  in  Table  E  would  suggest  that 
these  disturbances  are  not  improbably  caused  by  an  over-estimate 
of  the  value  of  P',  the  Pure  Premium  on  the  Lapse  Basis.  Any 
such  over-estimate  would,  of  course,  to  some  extent  affect  the 
Policy-values  throughout  the  Table. 

VII.  Concluding  Remarks. 

62.  The  preceding  description  of  the  new  method  of  investiga- 
tion and  the  examples  of  its  application  already  given  are  sufficient 

*  See  Remarks  on  pp.  248,  249. 
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to  show  that  it  is  one  of  considerable  power  and  range  of  usefulness. 
The  main  idea — that  of  directly  tracing  out  the  effect  upon  pure 
premiums  and  reserves,  caused  by  changes  in  the  fundamental 
basis,  instead  of  dealing  analytically  with  mathematical  expressions 
for  such  premiums  and  reserves — is  one  of  very  general 
applicability.  It  has,  for  example,  been  applied  (J.J..l.,xxxiii,354) 
by  the  present  writer  to  obtain  a  very  simple  approximation  to 
the  amount  of  the  pure  premium  for  a  Joint-Life  Endowment 
Assurance — an  approximation  which  is  so  close  as  to  be  amply 
sufficient  for  all  practical  purposes.  The  method  will 
also  find  a  useful  application  in  dealing  with  questions  of 
extra  risk,  and  many  of  the  general  results  given  in  the  well- 
known  papers  on  this  subject  by  Mr.  Ryan,  and  by  Messrs. 
White  and  Whittall,  may  be  deduced  and  illustrated  by  its 
means.  Time,  however,  does  not  permit  of  the  discussion  of 
these  further  ramifications  of  the  subject,  and  the  author, 
therefore,  now  concludes  this  paper  with  the  expression  of  the 
hope  that  the  method  which  has  often  proved  useful  to  himself 
in  his  daily  practice,  may  also  be  found  of  service  to  others  who 
have  to  deal  with  similar  problems,  as  well  as  to  students  of  the 
theory  of  the  subject. 


IX 
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Absteact  of  the  Discussion. 

Mr.  J.  E.  Faulks  said  he  had  heen  asked  to  open  the  discussion 
on  the  paper,  hut  if  the  word  "discussion  "  was  to  be  taken  in  the 
ordinary  sense  as  implying  that  some  of  those  who  took  part  in  it 
would  bring  forward  points  of  adverse  criticism,  he  thought  all  the 
members  would  agree  there  would  be  very  little  discussion  indeed. 
Rather  would  they  all  join  in  an  expression  of  very  high  appreciation 
of  the  paper,  and  very  hearty  thanks  to  the  author.  Mr.  Lidstone 
had  a  habit  of  submitting  papers,  the  central  ideas  of  which  seemed 
to  be  obvious  after  the  papers  had  been  read,  not  before.  To  put 
the  matter  rather  differently,  after  reading  some  of  Mr.  Lidstone's 
papers  everybody  felt  so  thoroughly  in  agreement  w-ith  his  conclusions 
that  their  only  wonder  was  they  had  not  been  arrived  at  previously. 
He  need  hardly  remind  the  members  of  the  very  important  results 
with  regard  to  the  practical  valuation  of  endowment  assurances,  which 
Mr.  Lidstone  had  shown  to  follow,  as  it  seemed  to  everybody  now, 
very  simply  and  almost  as  a  matter  of  course,  from  a  consideration  of 
the  way  in  which  the  value  of  a  temporary  annuity  varied  according 
to  the  age,  when  the  term  remained  constant.  In  the  present  paper, 
Mr.  Lidstone  had  taken  up  the  subject  of  the  variation  of  policy- 
values,  and  shown  how  the  results  obtained  by  previous  investigators 
were  practically  only  illustrations  of  the  application  of  broad  and 
general  principles.  Bearing  in  mind  the  small  domain  of  actuarial 
science  as  compared  with  the  broad  fields  of  science  as  a  whole,  he 
did  not  think  he  was  going  too  far  in  saying  that  in  considering  the 
central  ideas  of  those  two  papers,  they  were  irresistibly  reminded  of 
the  scientific  revolutions  that  had  been  accomplished  owing  to  the 
consideration  by  a  master  mind  of  some  apparently  simple  and 
necessary  occurrence — the  falling  apple  of  Sir  Isaac  Newton,  and  the 
steaming  kettle  of  James  Watt.  The  fundamental  idea  of  the  paper, 
the  consideration  of  things  in  the  concrete,  instead  of  the  abstract 
symbols  representing  those  things,  was,  he  thought,  one  of  great 
interest  and  great  power.  The  method  suffered,  perhaps,  to  some 
extent,  from  the  fact  that  sooner  or  later  in  the  argument,  in  order 
to  avoid  long  and  complicated  explanations,  it  became  necessary  to 
have  recourse  to  symbols,  and  there,  he  thought,  lay  a  certain  danger, 
or  at  any  rate  a  certain  difficulty.  He  had  not  been  able  to  find  any 
illustration  of  that  in  the  paper  itself,  but  in  the  note  on  premiums 
for  joint-life  endowment  assurances,  which  was  referred  to  at  the  end 
of  the  paper  (see  J.I.A.,  xxxiii,  354),  there  was  an  illustration. 
Turning  to  that  note,  the  argument  could  be  followed  with  perfect 
clearness  as  long  as  words  were  employed,  but  when  the  words  were 
translated  into  symbols,  difficulties  were  apt  to  arise,  unless  it  was 
carefully  borne  in  mind  that  those  symbols  were  not  ordinary 
algebraic  expressions,  but  merely  a  kind  of  description  in  shorthand 
of  concrete  things  that  had  been  previously  explained  in  the  note. 
For  instance,  the  separation  of  the  annual  premium  for  an  endowment 
assurance  into  two  parts  was  followed  with  perfect  clearness  as  long 
as  words  were  employed,  but  when  symbols  were  reached,  the  reader 
was  apt,  unless  he  bore  carefully  in  mind  the  point  that  had  been 
referred  to,  to  question  whether  P,7]  and  P^   could  be  considered  as 
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being  payable  for  the  same  period.*  He  only  referred  to  that 
difficulty,  which  was,  probably,  having  regard  to  the  limits  of 
language,  unavoidable,  to  show  that  there  must  be  a  certain  amount 
of  care  in  employing  the  method  in  other  directions.  In  this  paper 
Mr.  Lidstone  applied  that  method  in  the  lirst  instance  to  produce  an 
Equation  of  Equilibrium,  showing  the  relations  that  must  exist 
between  two  bases  to  produce  equal  policy-values.  His  explanations 
of  that  equation,  and  of  the  variation  fund,  were  as  convincing  as 
they  were  interesting.  The  variation  fund  had,  to  a  certain  extent, 
from  one  point  of  view,  a  counterpart  in  the  actual  working  of  a  life 
assurance  fund.  Starting  a  valuation  period  with  a  policy-value 
calculated  on  a  certain  specified  basis,  and  putting  aside  the  question 
of  loading,  which  could,  of  course,  be  dealt  with  easily  in  other  ways, 
the  usual  method  of  considering  the  working  of  the  fund  was  that 
the  policy-value  must  remain  on  the  same  basis  throughout.  But 
alternatively  one  might  perhaps  consider  that  one  operated  on  the 
policy-value  by  means  of  experienced  rates  throughout,  instead  of 
assumed  rates — an  experienced  rate  of  interest  and  an  experienced 
rate  of  mortality,  and  therefore  also  of  premium.  In  that  way  was 
produced  a  policy-value  on  a  kind  of  special  basis,  equivalent  to  the 
policy-value  on  the  normal  basis,  plus  an  additional  fund  similar  to 
the  variation  fund.  At  the  end  of  the  valuation  period,  the  policy- 
value  was  twisted  back,  as  it  were,  to  its  normal  basis,  and  the 
variation  fund  left  available  for  bonus  or  other  purposes.  On  the 
application  of  the  principle  of  the  variation  fund  to  the  consideration 
of  policy-values  on  different  bases,  and  on  the  discovery — for  he 
thought  it  was  no  less  than  a  discovery — of  the  Critical  Function,  as 
it  was  called,  by  means  of  an  inspection  of  which  so  much  information 
could  be  derived,  he  thought  there  was  very  little  to  be  said  that  was 
not  already  in  the  paper.  The  author  had,  for  instance,  shown  how 
the  question  of  changes  in  the  rate  of  mortality  as  affecting  policy- 
values  could  be  most  readily  dealt  with  by  means  of  that  function, 
and  how  the  results  of  previous  investigators,  valuable  and  important 
as  they  were  in  their  day,  were  by  the  new  method  at  one  and  the 
same  time  confirmed,  and  placed  in  their  proper  positions  as  simply 
illustrations  of  general  theorems.  Passing  on  to  continuous  functions, 
or  functions  involving  the  rate  of  discontinuance,  the  same  principles 
were  found  to  prevail.  The  members  of  the  Institute  had  been 
accustomed  very  often  to  see  the  statement  that  every  man  was  a 
debtor  to  his  profession,  and  he  thought  it  was  a  source  of  peculiar 
pride  to  the  members  that  a  great  many  of  their  own  profession  had 
repaid  that  debt,  and  accumulated  a  considerable  balance  on  the  other 
side  of  the  account.  Mr.  Lidstone's  credit  balance,  which  was 
already  a  very  large  one,  had  been  greatly  added  to  by  the  interesting 
and  valuable  paper  they  had  had  the  pleasure  of  listening  to  that 
evening. 

Mr.  T.  E.  Young  said  that  detailed  comments  on  the  whole 
scope  of  the  paper  appeared  almost  to  be  needless,  for  every 
contribution  which  Mr.  Lidstone  presented  to  the  Institute  was 
not  merely  conceived  in  originality  of  motive  and  freshness  of 
form,  but  had  also  evidently  been  so  adequately  tested  that 
criticism  naturally  passed  into  praise.  With  regard  to  the 
*  See  Remarks  on  pp.  247,  248. 


1905.]  Changes  in  Pure  Premium  Policy-  I'alues.  239 

method  that  had  been  so  ably  illustrated,  it  had  been  shown  that 
in  the  first  historical  stage  of  the  development  of  algebra,  the 
reasoning  was  conducted  solely  on  what  historians  had  termed  the 
Rhetorical  plan,  where  the  processes  of  that  reasoning  were  verbally 
expressed  with  the  conceptions  of  the  subject  directly  present  to 
consciousness,  and  without  the  mechanism  of  symbols  or  their 
relations.  That  course  was  absolutely  necessary  at  that  early  period, 
for  long-hand  in  mental  investigation,  equally  as  in  handwriting, 
invariably  preceded  shorthand.  Since  the  method  which  Mr.  Lidstone 
had  so  well  illustrated  was  the  natural  and  spontaneous  form  in  which 
the  intellect  evolved  the  relations  of  space  and  time,  the  system  itself 
furnished  the  finest  and  surest  mode — indeed,  it  might  almost  be 
expressed  as  the  native  mode — of  mental  discipline,  and  afforded  the 
clearer  vision  of  the  road  to  truth,  a  steadier  perception  of  the 
sequent  steps  in  that  road,  and  a  firmer  and  more  permanent  grasp  of 
the  truth  when  obtained.  It  was  an  occasion  to  him  accordingly  of 
pleasure  and  congratulation  that  in  this  paper  the  Institute  possessed 
so  admirable  a  specimen,  adapted  to  one  of  their  professional  problems, 
of  that  rigorous  and  illuminative  method.  The  advantages  of  the 
plan  which  Mr.  Lidstone  had  so  fully  mastered,  and  so  ably  exhibited, 
were  so  deep  and  prevailing  that  he  thought  a  moment's  attention 
was  worthily  devoted  to  their  enumeration.  The  actual  mental 
conceptions  of  Things  and  their  relations,  about  which  they 
reasoned,  were  retained  directly  and  consciously  before  the  intellect 
throughout  the  entire  course  of  investigation  ;  they  thus  reasoned 
concerning  objects  themselves,  in  virtue  of  the  manner  in  which 
those  objects  were  conceived  in  the  mind.  In  the  symbolic  method, 
on  the  other  hand,  consciousness  was  altogether  lost  of  the  concrete 
things  of  which  they  treated,  and  the  mind  attended  simply  to  the 
signs  by  which  they  were  symbolized,  so  that  they  employed, 
not  the  real  relations  of  things,  but  merely  the  accepted  rules  of 
combining  and  operating  upon  the  symbols  by  which  those  things 
were  represented.  In  fact,  the  difference  between  the  two  methods 
might  be  likened,  with  some  slight  exaggeration  of  statement,  to 
the  actual  construction  of  a  building,  and  a  figured  sketch  of  it. 
The  larger  generality  of  the  method"  which  Mr.  Lidstone  had  so 
lucidly  presented,  was  an  attractive  and  decisive  feature,  and 
several  instances  occurred  in  the  course  of  the  paper  in  which  results 
previously  obtained  by  former  enquirers  were  simply  shown  to  be 
particular  cases  of  the  wider  conclusions  which  Mr.  Lidstone's 
plan  indicated  and  reached.  It  was  particularly  interesting  to 
observe  the  manner  in  which  that  extension  of  view  was  displaved  in 
connection  with  Dr.  Sprague's  conclusions  respecting  the  reserves  for 
whole-life  policies.  While,  however,  pronouncing  this  judgment 
upon  the  efficiency  of  the  method,  he  did  not,  of  course,  intend  for  a 
moment  to  imply  any  reflection  upon  the  analytical  method.  He 
simply  desired  to  assign  its  appropriate  place  in  educational  training, 
and  in  the  most  effective  modes  of  enquiry.  In  the  hands  of  a 
student  who  had  mastered  the  conceptions  and  principles  of  a  science, 
the  analytical  process  was  obviously  a  most  potent  instrument  of 
verification  and  extension,  accompanied  by  a  considerably  diminished 
amount  of  intellectual  expenditure.     But  for  the  establishment  of 
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those  principles,  for  a  secure  and  vivid  grasp  upon  the  conceptions 
forming  the  subject-matter  of  our  reasonings,  and  Cor  the  most  stahle 
and  intrinsic  education  of  the  intellect,  the  plan  Mr.  Lidstone  had 
followed  was  conspicuous  and  supreme.  He  might  add  a  practical 
remark  suitable  to  the  younger  members  of  the  profession.  In  their 
subsequent  and  more  responsible  life  they  would  deal  exclusively 
with  realities — the  realities  of  men's  motives  and  actions,  and  of 
commercial  affairs — and  no  more  helpful  auxiliary  in  that  ultimate 
direction  could  be  discovered  than  the  employment  of  this  method — 
in  addition  to,  but  in  advance  of,  the  analytical  process — during  their 
years  of  study,  and  the  consequent  habituation  of  the  mind  to  its 
general  and  ready  use.  He  should  like  to  add  also  that  he  was 
particularly  pleased  to  observe,  in  these  days  of  loose  and  unscientific 
language,  that  Mr.  Lidstone  had  introduced  the  term  "  critical "  in 
his  Critical  Function,  in  the  precise  and  accepted  manner  in  which  it 
was  employed  in  mathematical  physics.  A  practice  of  that  nature 
tended  not  merely  to  clearness  of  thought  and  expression,  but  also 
aided  the  more  effectively,  in  the  strict  sense  in  which  Mr.  Lidstone 
had  rightly  employed  the  term,  to  bring  their  professional  studies 
definitely  within  the  range  of  science.  The  members  always 
confidently  expected,  and  as  certainly  found,  so  much  mental  aid  and 
enlightenment  from  the  contributions  of  Mr.  Lidstone,  that  Mr. 
Lidstone  might  not  deem  it  impertinent,  either  in  the  ancient  or  the 
modern  sense  of  that  term,  if  he  expressed  the  hope  that  he  would 
apply  his  distinctive  capacity  of  research  and  exposition  to  other 
problems  within  the  range  of  actuarial  work.  Looking  to  the 
importance  of  the  method  which  this  paper  exemplifies,  the  speaker  had 
intended — had  not  time  suggested  curtailment — to  add  a  few  remarks 
upon  the  ancient  controversy  upon  the  comparative  merits  of  the 
geometrical  and  analytical  methods  which  culminated  in  Dr. 
Whewell's  book,  in  1845,  upon  the  Elements  of  a  Liberal  Education. 
The  author  there  luminously  proved — and,  he  thought,  finally — the 
vastly  superior  utility  of  the  former  method  as  a  mental  discipline  and 
as  the  most  distinctive  course  of  investigation — though  the  more 
laborious  and  severe  strain  upon  the  intellect — involving,  as  it 
necessarily  did  throughout  the  entire  process,  the  retention  and 
employment  of  mental  concrete  conceptions  in  place  of  their  symbols. 
He  had  himself  been  accustomed  to  express  the  difference  between 
the  two  as  that  of  Presentation  and  Representation.  The  term 
"geometrical,"  it  was  needless  to  mention,  corresponds  to  the  old  term, 
"  rhetorical,"  and  the  method  is  that  which  Mr.  Lidstone  has  so 
excellently  applied. 

Mr.  George  King  could  not  let  the  opportunity  pass  without  join- 
ing with  other  speakers,  in  congratulating  Mr.  Lidstone  on  his  paper, 
and  in  thanking  him  for  it.  In  saying  that,  he  wished  to  add  that  it 
would  require  a  great  deal  more  study  than  he  had  so  far  been  able  to  give 
to  it,  as  it  was  a  paper  that  involved  a  great  deal  of  thought  to  grasp  it. 
It  was  simple,  he  believed,  when  once  grasped,  but  the  ideas  required 
thinking  out  and  applying  in  one's  mind  to  practical  instances,  and 
he  had  not  yet  had  time  or  opportunity  to  undertake  that  investiga- 
tion. Yet  there  were  one  or  two  points  he  should  like  to  refer 
to.     Table  B  was,  at  first  sight,  certainly  rather  startling  : — "  Rates 
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of  Interest  yielding  policy-values  equal  to  those  based  on  the  uniform 
rate  of  3  per-cent.  (HM  mortality  ordinary  whole-life  assurance.)" 
It  had  hitherto  always  been  thought  that  it  was  not  possible  to  have 
different  rates  of  intwest  yielding  the  same  policy-values  with  the  same 
mortality  table,  but  he  gathered  from  the  table  that  it  was  possible, 
only  the  special  rate  was  variable  from  year  to  year,  a  fixed  rate 
not  being  taken  throughout  the  whole  time.  He  must  confess  he 
did  not  see  how  these  rates  were  arrived  at,  and  he  asked  whether  P' 
varied  from  year  to  year. 

Mr.  Lidstone  said  that  having  fixed  P'the  different  rates  of  interest 
could  be  calculated.  There  would  obviously  be  a  separate  rate  of 
interest  for  every  year. 

Mr.  Ktno  said  he  wished  to  mention  one  point  about  the 
0M  and  0M,5)  Tables.  The  tables  came  under  Dr.  Sprague's  Class  2, 
and  he  thought  it  would  be  found  that  from  age  74  onwards  the  0M 
Table  and  the  0M<51  Table  gave  identical  annuity-values,  so  that  it 
would  be  necessary  to  add  (in  Article  42)  the  words  "  For  all  ages  at 
entry  not  later  than  74,"  as,  for  later  ages,  the  two  tables  would  give 
equal  values.  On  p.  228,  a  quotation  was  given  from  one  of  his 
speeches.  On  that  occasion  he  spoke  for  an  hour  with  only  a  few 
notes  before  him,  and  therefore,  perhaps,  did  not  weigh  his  words  so 
carefully  as  he  ought  to  have  done,  and  the  speech  was  published 
without  his  having  had  an  opportunity  of  revising  it  after  it  had  been 
taken  down  in  shorthand.  If  he  had  now  to  write  it,  he  should 
leave  out  the  words,  "  I  can  prove  it  by  mathematics  " ;  not  that 
he  thought  under  the  circumstances  of  the  case  that  that  could  not  be 
done.  The  quotation  was  rather  taken  away  from  its  context.  He 
was  speaking  about  the  duration  of  the  policies  in  an  ordinary 
Company,  which  was  much  longer  than  the  assessment  people 
maintained,  and  said  that,  for  ordinary  whole-life  business,  and  for 
all  rates  of  withdrawal  practically  possible,  the  company,  making 
allowance  for  lapse  in  its  premiums  and  valuations,  must  after  a 
number  of  years  set  aside  the  larger  reserves.  That  was  incon- 
trovertible, and  Mr.  Lidstone  practically  proved  it  in  his  paper, 
although  he  also  showed  that  by  assuming  a  certain  hypothetical 
lapse-rate  it  was  possible  to  get  the  two  methods  of  valuation  to 
produce  the  same  reserves.  But  that  would  not  be  a  practical  lapse- 
rate  under  the  conditions  which  he  was  discussing.*  That  also  applied 
to  the  remarks  of  Messrs.  Ackland  and  Bacon  in  their  paper,  because 
in  speaking  of  very  young  ages  the  rule  did  not  apply.  Policies  on  lives 
aged  1  or  2  at  entry  could  not  be  regarded  practically  as  whole-life 
assurances,  and  it  was  not  possible  to  have  a  net  premium  valuation 
for  the  infantile  ages.  The  policies  had  to  be  treated  as  term  policies 
for  one  year,  increasing  year  by  year  up  to  age  10.  He  noticed, 
however,  that  Mr.  Lidstone,  in  Table  D,  had  given  the  hypothetical 
lapse  rates  for  a  15-year  endowment  assurance.  That  was  a  table 
that  interested  him  very  much,  but  he  did  not  quite  see  how  it 
applied.  Mr.  Lidstone  said  that  whatever  the  form  of  benefit  might 
be  the  principle  held,  but  if  a  whole-life  benefit  were  involved,  it 
would  be  necessary  to  prepare  a  table  up  to  the  end  of  life,  and 
no   doubt  a  very  extraordinary  lapse-rate  would    be  obtained.      He 

*  See  Remarks  on  page  251. 
VOL.  XXXIX.  K 
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did  not  think  it  was  possible  to  have  15  years'  endowment  assurances 
lapsing  at  the  rates  given  in  that  table,  but  it  was  an  interesting 
table,  and  showed  that  one  must  be  very  careful  in  making  a  general 
statement  too  emphatically.  The  statement  might  be  perfectly  true 
for  the  purposes  for  which  it  was  introduced,  but  it  might  not  be 
exactly  true  under  every  conceivable  theoretical  condition.  He  had 
made  those  few  remarks,  not  in  any  way  in  criticism  of  the  paper, 
because  he  felt  it  was  a  paper  that  on  further  study  would  be  most 
interesting  and  most  useful. 

Mr.  T.  G.  Acklaxd  also  expressed  to  the  author  his  congratula- 
tions on  the  paper,  which  appeared  to  him  to  be  a  classical  one, 
worthy  of  comparison,  if  he  might  say  so,  with  that  which 
Mr.  Woolhouse  had  published,  in  vol.  xv  of  the  Journal,  on  the 
Continuous  Method,  as  applicable  to  Insurance  Benefits,  or  to  the 
important  paper  of  Mr.  G.  P.  Hardy,  in  vul.  xxiv,  upon  methods 
of  Approximate  Summation.  The  paper  was  classical  also  as 
regarded  its  style,  which  was  lucid  and  concise;  and  though 
brief,  it  was  yet  so  full  of  matter,  that,  whilst  not  difficult  to 
follow,  the  steps  of  the  argument  being  abundantly  clear,  it 
required  close  attention  in  perusal,  because  the  arguments  and 
demonstration  were  condensed.  Mr.  Lidstone  had  taken  a  well- 
known  formula,  one  that  had  been  used  by  previous  writers,  and  had 
been  familiar  to  actuaries  as  long  as  actuarial  science  had  been  in 
existence,  and  had  shown  relations  in  that  formula  which  were 
hitherto  unknown  to  most  if  not  all  of  them.  Previous  investigators, 
like  Mr.  Meikle  and  Dr.  Sprague,  had  gone  into  the  matter  of  relative 
policy  reserves  with  great  fulness  and  great  skill,  but  Mr.  Lidstone 
had  shown  the  law  which  underlay  the  fundamental  formulas,  and 
had  enabled  them,  by  the  use  of  his  most  interesting  and  valuable 
"Equation  of  Equilibrium  "  and  "  Critical  Function",  to  see  under 
what  circumstances  policy  reserves  were  greater  than,  equal  to,  or 
less  than,  those  on  different  bases.  As  an  illustration,  he  might 
point  out  that  the  relation  of  decreased  policy-values  to  an  increased 
rate  of  interest  was  demonstrated  in  the  paper  with  a  clearness  that, 
so  far  as  he  knew,  had  never  hitherto  been  equalled.  As  students 
they  had  understood  that,  although  it  was  a  recognized  fact  that  a 
net  policy-reserve  at  -4  per-cent,  other  circumstances  being  equal,  was 
less  than  a  net  policy-reserve  at  3  per-cent,  it  was  a  somewhat 
difficult  matter  to  prove  mathematically,  and  one  had  to  proceed  by 
analytical  methods  and  the  like,  and  after  all  the  proof  was  not 
entirely  satisfactory.  Mr.  Lidstone,  by  the  use  of  his  elegant 
method,  and  the  investigation  of  the  laws  underlying  his  formulas, 
showed  exactly  under  what  circumstances — for  it  did  not  appear  to 
be  an  invariable  law — the  relation  in  question  obtained.  He  had 
been  a  little  puzzled  with  a  point  in  Art.  32,  and  in  other  places  in 
the  paper,  where  Mr.  Lidstone  brought  out  in  a  formal  statement 
the  conditions  under  which  policy-values  varied,  and  put  it  that 
"  (S  — Vi)  is  constantly  decreasing  from  year  to  year."  He  should 
have  thought  that  as  S  (the  sum  assured)  was  presumably  constant, 
the  conditions  would  have  been  more  simply  stated  by  saying  that  V, 
constantly  increased  from  year  to  year. 

Mr.  LiD3TO>~E  said  that  the  sum  assured  S  was  not  intended  to 
be  constant. 
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Mr.  Ackland  said  that  was,  no  douht,  an  answer.  In  the  matter 
of  withdrawal,  he  prohahly  would  be  expected  to  say  a  word,  as  his 
own  name  and  that  of  Mr.  Bacon  were  referred  to  more  than  once 
in  connection  with  their  recently-published  paper  in  the  Journal 
(vol.  xxxviii,  p.  539,  et  seq.).  Mr.  King  had  explained  that 
the  paragraph,  which  was  quoted  in  Art.  4G  of  the  present 
paper  from  some  remarks  Mr.  King  made  years  ago,  was  not 
intended  to  be  taken  an  pied  de  la  lettrc  The  statement  that  a 
relation,  which  seemed  to  have  been  shown  by  other  writers  not  to  be 
a  true  relation,  could  be  mathematically  proved,  had  puzzled  a  good 
many  people,  and  it  cleared  up  the  point  to  have  the  statement  now 
qualified  by  Mr.  King.  As  he  understood  it,  however,  Mr.  Lidstone's 
Table  D  was  only  a  particular  illustration,  and  showed  the  very 
curious  effect,  arising  from  his  previous  demonstration,  that,  on  a 
given  rate  of  lapse,  and  by  no  means  an  unreasonable  or  exceptional 
one,  the  policy-values  would  be  throughout  identical,  other  things 
being  equal,  whether  the  rate  of  lapse  was  introduced  or  not.  But 
it  was  proved  throughout  the  demonstration,  apart  altogether  from 
that  particular  case,  that  policy-values,  including  the  element  of 
lapse,  might  be  greater  or  less  than,  or  equal  to,  those  excluding  such 
element,  according  to  the  value  of  the  "  Critical  Function  "  appropriate 
to  the  case.  This  was  also  demonstrated  b}'  figures,  although  by  no 
means  so  elegantly  and  fully,  in  the  paper  by  Mr.  Bacon  and  himself, 
that  had  been  referred  to,  Nor  did  that  condition  only  apply  to  the 
figures  given  in  that  paper  at  age  at  entry  1,  but  also  to  other  ages 
at  entry.  With  reference  to  Mr.  Lidstone's  treatment  of  the  element 
of  withdrawal,  in  connection  with  the  figures  given  in  the  paper 
written  by  Mr  Bacon  and  himself,  everyone  must  have  been  struck 
with  the  elegant  way  in  which  a  law  had  been  developed,  showing  the 
conditions  under  which  certain  relative  variations  in  policy-values 
obtained,  and  thus  their  own  limited  investigation  had  been 
confirmed.  With  regard  to  the  policy  reserves  at  age  at  entry  1, 
he  had  nothing  to  say  on  the  remarks  of  the  author,  except 
that  he  thought  that  Mr.  Lidstone's  demonstrations  and  arguments 
were  quite  conclusive.  It  was  Mr.  Warner,  he  believed,  who 
said  in  a  humorous  way,  and  before  he  had  the  responsibilities 
of  office  upon  him,  that  the  symbol  Z,  associated  with  the 
name  of  Mr.  Lidstone,  was  expressive  of  finality  ;  and  upon  the 
present  point  he  thought  that  Mr.  Lidstone's  demonstrations  left 
very  little  to  be  said  by  way  of  comment  or  criticism.  It  was  no 
doubt  the  case,  and  he  believed  Mr.  Bacon  agreed  with  him,  that  the 
net  premium  for  age  1  was  probably  not  quite  correctly  deduced  in 
their  paper.  It  was  pointed  out  in  the  paper  that  this  value  was 
only  deduced  approximately,  the  chief  difficulty  being  that  the  force 
of  withdrawal  at  the  moment  of  entry  was  almost  impossible  to 
ascertain  by  mathematical  processes,  and  they  felt,  when  they 
submitted  it,  some  doubt  as  to  its  accuracy.  This  applied  to  all 
entry  ages,  but  especially  to  office  entry  age  1,  where  the  mortality  was 
rapidly  changing,  and  the  sum  assured  was  variable.  He  would  be  glad 
to  see  a  demonstration  of  a  point  stated  in  Art.  59,  where  Mr.  Lidstone 
said  that  during  the  first  six  months  from  entry  the  normal  reserve, 
exclusive   of   lapses,   was    positive   throughout.       He   thought   that 
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would  depend  upon  the  sum  assured  that  was  payable  in  the  early 
months,  and  perhaps  also  upon  the  incidence  of  mortality  and 
withdrawal.  In  the  particular  case  that  was  before  them  there 
was,  however,  no  doubt,  he  thought,  that  Mr.  Lidstone  was  correct. 
He  had  had  the  advantage  of  seeing  a  very  neat  demonstration, 
which  Mr.  Lidstone  had  kindly  sent  to  him,  proving  the  statement 
in  question,  and  he  hoped  that  Mr.  Lidstone  would  see  no  objection 
to  including  that  demonstration  in  his  paper.  The  application  of 
Mr.  Lidstone's  method  to  extra  risks  would  be  extremely  interesting, 
and  it  might  be  hoped  that  he  would  write  a  further  paper 
developing  his  present  method  in  some  of  its  further  applications. 
He  did  not  know  whether  he  was  right  in  supposing  that  the 
method  would  also  be  applicable  to  valuations  by  Select  Tables. 
That  question  had  been  under  notice  for  some  time  past,  and 
a  most  interesting  letter,  which  most  of  the  members  had 
probably  seen,  appeared  in  the  Insurance  Record  of  24  February 
1905,  from  Mr.  O.  F.  Diver,  showing  an  approximate  method  of 
dealing  with  the  matter,  which,  so  far  as  he  had  been  able  to  look 
into  it,  appeared  to  be  extremely  valuable  and  interesting.  There 
was  one  little  point,  in  conclusion,  about  which  he  was  in  some 
doubt,  and  that  was  as  to  the  definition  of  the  word  "  status." 
Mr.  Lidstone  gave  on  p.  212  a  summary  of  the  special  terms  and 
defined  their  meaning,  but  he  supposed  he  did  not  consider  that  the 
word  status  would  need  any  special  definition.  He  was,  however,  a 
little  puzzled  as  to  the  particular  class  of  benefits  to  which  the 
formulas  given  would  respectively  apply.  Mr.  Lidstone  gave  certain 
formulas  applicable  to  the  case  where  p  +  q  =  l,  and  it  occurred  to 
him  whether  that  was  quite  the  same  thing  as  saying  that  they  would 
apply  where  the  annuity  and  the  assurance  benefit  had  the  well-known 
relation  formally  stated  in  Mr.  Peter  Gray's  "  Lemma  "  in  "  Tables 
and  Formulas  for  the  Computation  of  Life  Contingencies  "  and 
elsewhere ;  as,  for  instance,  in  the  case  of  last-survivor  benefits.* 

Mr.  K.  P.  Hardy  thought  the  full  drift  and  ultimate  bearing  of 
this  paper,  as  well  as  the  many  present  and  subservient  uses  to 
which  the  principles  unfolded  in  it  might  be  applied,  could  be 
hardly  adequately  dealt  with  in  the  short  space  of  time  at  the  disposal 
of  the  members  for  their  examination.  He  hoped,  therefore,  that 
Mr.  Lidstone  would  supplement  his  monograph  with  some 
illustration  of  the  various  uses  to  which  it  could  be  put.  While 
in  his  own  mind  those  were  manifold,  he  rejoiced  to  recognize  much 
of  what  he  had  for  many  years  past  been  vainly  seeking,  namely, 
a  general  relation  as  distinguished  from  those  special  processes 
daily  employed  to  meet  the  actual  cases  that  came  before  them.  He 
had  long  been  of  opinion  that  all  the  formulas  (which  exhibited  in  a 
highly  compact  form  the  mere  balance  of  the  forces  brought  to 
measurement)  were  merely  particular  cases  of  problems  of  high 
generality,  the  expression  of  which  in  all  comprehensive  terms  needed 
an  intellectual  uplifting  into  a  wider  sphere.  In  part  confirmation 
of  that,  he  referred  as  a  single  instance  to  the  several  special 
investigations  in  the  Text  Book  which  students  found  so  helpful. 
Mr.  Lidstone  showed  that  those  were  merely  particular  cases  falling 
within  the  sweep  of  his  general  method.  An  outline  of  the  general 
*  See  Remarks  on  pp.  250,  251. 
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method,  but  intentionally  very  limited  in  design,  would  be  found  in 
the  "  Companion  to  the  Almanack  for  lsl-2."  But  in  the  present  paper, 
entirely  new  ground  had  been  broken  up,  and  a  considerable  advance 
had  been  made  towards  that  end,  and  the  path  indicated  along  which 
like  investigations  must  in  future  proceed.  The  effect  of  the  conjoint 
operation  of  the  various  elements  contributing  to  the  formation  of 
what  was  called  a  value,  had  hitherto  been  perceived  only  in  its  final 
result,  whether  such  was  expressed  algebraically  or  arithmetically. 
But  now  the  curtain  was  withdrawn,  and  the  silent  activities  of  the 
f i  lives  at  work,  and  their  curious  interplay  by  advance  and  retreat,  by 
consolidation  and  diffusion,  could  be  observed  in  the  Variation  Fund 
with  which  he  had  been  for  some  years  familiar,  and  the  same  could 
be  studied  during  their  actual  progress.  When  that  idea  had  been 
fully  mastered,  they  would  be  no  longer  slaves  of  mere  x  and  y,  nor 
be  memory-burdened  with  detached  formulas,  but  could  expatiate 
in  the  freedom  that  recognized  that  "all  are  but  parts  of 
one  stupendous  whole."  He  had  in  view  a  class  of  critics, 
who  were  content  to  abide  in  the  existing  state  of 
things,  as  a  matter  of  finality ;  but  he  thought  that  scarcely 
represented  the  prevailing  temper  of  the  times,  nor  would  it  be 
characteristic  in  the  future,  which,  as  it  grew  in  power,  would  expand 
in  aim.  If  to-day,  with  the  scarcely  perfect  means  at  baud,  so  much 
intellectual  pleasure  was  derived  in  tracking  results  to  their  influencing 
sources,  and  in  exhibiting  the  deflection  on  either  side  of  the 
anticipated  experience,  how  much  more  would  there  be  with  the  new 
and  powerful  instrument  in  their  hands,  by  means  of  which  they 
could  exercise  almost  a  fore-knowledge,  and  study  both  the  locus  and 
the  manifestation  of  the  complex  effects  that  followed  from  any  new 
condition  that  might  be    purposely  introduced. 

The  President  said  that  the  Institute  had  once  more  to  thank 
Mr.  Lidstone  for  a  most  valuable  and  interesting  paper,  in  which 
freshness  of  thought  and  clearness  of  expression  were,  as  was  always 
the  case  with  him,  very  noticeable.  He  was  sure  it  was  the  wish  of  the 
members  to  offer  to  Mr.  Lidstone  their  very  best  thanks  for  the 
valuable  paper  that  he  had  presented  that  evening. 

Mr.  Lidstone,  in  reply,  said  that  when  he  had  prepared  the 
paper  he  felt  very  doubtful  whether  it  was  one  really  suitable  for 
submission  to  a  sessional  meeting,  because  he  feared  it  was  so  technical 
that  it  would  hardly  lend  itself  to  oral  discussion.  He  was  afraid  it 
was  due  to  that  more  than  to  the  merits  of  the  paper,  that  he  had 
now  rather  to  thank  the  members  for  their  very  generous  reception 
than  to  reply  to  any  very  numerous  criticisms.  Mr.  Young  had 
compared  the  method  of  argument  to  what  he  called  the  Rhetorical 
plan  as  contrasted  with  the  analytical.  He  himself  had  considered 
it  to  be,  in  a  sense,  analogous  to  geometrical  work  as  compared  with 
analytical.  He  thought  it  was  generally  recognised  that  the  study 
of  Euclid  formed  a  very  good  corrective  to  too  much  purely  analytical 
work,  and  in  the  same  way,  if  one  could  get  down  to  ideas  of  a 
general  character  in  actuarial  matters,  instead  of  dealing  with  purely 
analytical  expressions,  there  was  a  certain  gain  of  simplicity  and 
clearness.  He  took  it  that  the  general  idea  of  the  paper  had  found 
acceptance,  and  that  would  certainly  encourage  him  in  the  future,  if 
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he  found  time  and  opportunity,  to  follow  up  some  of  the  other  Lines 

of  investigations  to  which  Mr.  Ralph  Hardy  and  others  had  referred. 
In  the  first  instance  lie  thought  it  better  merely  to  put  forward  the 
general  idea.  He  hoped  Mr.  King  might  find  the  time  to  give  the  paper 
further  study,  and  that  when  he  had  done  so  the  method  would  prove 
acceptable  to  him  as  it  had  to  others.  Mr.  King  had  made  reference 
to  Table  J3,  and  asked  how  the  difference  in  premiums  P'-P  was 
arrived  at.  The  fact  was  simply  that  there  were  an  infinite  number 
of  differences  of  premium,  each  of  which  was  associated  with  its  own 
set  of  differences  in  the  rate  of  interest,  so  as  to  give  policy-values 
absolutely  equivalent  to  those  based  on  the  ordinary  3  per  cent. 
Therefore  to  form  a  table  he  had  to  assume  some  particular  difference 
of  premium,  and  he  took  2*.  per-cent,  and  then  worked  out  what  rates 
of  interest  that  would  involve.  He  was  indebted  to  Mr.  King  for 
pointing  out  what  was  certainly  too  great  a  generality  in  Art.  42,  in 
speaking  of  the  0M  and  0M(5)  tables.  The  result  there  given  should 
have  been  limited  to  ages  at  entry  up  to  74,  inclusive,  and  he 
would  modify  the  statement  when  the  paper  appeared  in  its 
final  form.  Fortunately  that  practically  amounted  to  being 
universal,  and  for  ordinary  purposes  the  proposition  might  be 
almost  taken  as  it  stood.  He  was  glad  the  paper  had  given  Mr.  King 
an  opportunity  for  stating  that  he  did  not  wisli  his  language  with 
regard  to  discontinuances  to  be  taken  absolutely  au  pied  de  la  lettre, 
because  some  had  certainly  felt  that  as  it  stood  the  argument  was 
neither  sufficiently  general  nor  surficently  precise  to  be  considered 
demonstrative.  The  word  "practically,"  of  course,  was  a  difficult 
one  to  fit  in  with  a  mathematically  rigid  demonstration,  and  when 
Mr.  King  in  his  lecture  spoke  of  discontinuances  "  practically  "  ceasing 
after  10  or  15  years,  it  led  one  to  ask  at  what  point  "  practically  "  in 
his  mind  became  sufficiently  close  to  the  absolute  zero  which  was 
required  for  the  purposes  of  his  argument.  For  instance,  he  found  in 
Mr.  Ackland's  recent  tables  that  after  10  years  the  rate  of  discon- 
tinuance for  age  at  entry  35  was  4  per-cent,  after  15  years  it  was 
nearly  2A  per-cent,  after  26  years  it  was  still  If  per-cent. 

Mr.  King  said  that  that  was  industrial  business.  The  other  was 
ordinary  business. 

Mr.  Ltdstone  said  he  thought  the  proposition  was  put  forward 
generally,  and  while  the  rates  might  possibly  be  considered  to 
disappear  as  compared  with  the  very  much  higher  initial  rates,  it  left 
one's  mind  in  a  little  doubt  as  to  the  logical  effects  of  the  argument. 
Even  if  the  arguments  were  taken  to  prove  that  after  a  certain  point 
had  been  reached  the  reserve  values  were  greater,  there  was  nothing 
to  show  what  had  happened  to  policy-values  up  to  that  point,  and 
how  far  they  might  have  counterbalanced  the  greater  reserves  after 
10  or  15  years.  It  was  satisfactory  to  know  now  that  Mr.  King's 
remarks  were  to  be  considered  merely  as  an  illustration,  and  certainly 
a  very  interesting  illustration,  of  the  results  brought  out  by  actual 
figures,  and  by  other  methods  of  argument.  Table  D  related  only  to 
the  particular  case  of  a  15-year  endowment  assurance,  which  he  took 
because  he  wished  to  verify  the  policy-values,  and  a  15-year  endow- 
ment assurance  led  to  considerably  less  calculation  than  a  whole-life 
policy.     Every  particular  kind  of  policy,  if  one  wished  to  produce 
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exact  equivalence  of  policy-values,  would  involve  its  own  particular 
scale  of  discontinuance — excepting,  of  course,  that  having  found  any 
one  scale,  then  double  those  rates,  or  half  those  rates,  or  any  constant 
multiple  thereof,  would  produce  precisely  the  same  results.  In  the 
case  of  a  whole-life  policy  the  rates  of  discontinuance  would  not — 
and  he  was  glad  Mr.  Ackland  agreed  with  him — differ  so  very  much  in 
type  from  the  rapidly-descending  rate  actually  found  in  practice,  at 
any  rate  in  industrial  business. 

It  was  gratifying  to  him  to  find  that  Mr.  Ackland  agreed  with 
the  remarks  in  Art.  58  with  reference  to  the  age  at  entry  1. 
Mr.  Ackland  had  to  make  the  best  of  his  materials,  and  in  calcu- 
lating an  annuity-value  allowing  for  discontinuance,  unless  one 
assumed  merely  theoretical  rates,  it  was  no  doubt  absolutely 
impossible  to  get  at  the  exact  truth.  A  very  slight  deviation, 
quite  within  the  limits  one  could  consider  reasonable  in  the  actual 
result  brought  out,  might- — and,  he  thought  he  had  shown,  did — 
throw  out  such  a  very  delicate  matter  as  the  relative  policy-values 
after  duration  six  months.  Mr.  Ackland  had  asked  him  to  demon- 
strate the  statement  that  the  normal  policy-value  in  Table  E  for  a^re 
at  entry  1,  from  duration  0  to  h,  was  positive  at  every  point — and  if 
that  was  worth  adding  to  the  paper,  he  should  be  happy  to  do  so. 
He  did  not  at  present  flatter  himself  that  anything  in  the  paper 
would  assist  in  the  very  burning  question  of  select  reserves.  'With 
regard  to  the  particular  statuses  to  which  the  method  would  apply, 
he  would  say,  in  answer  to  Mr.  Ackland's  remarks,  that  he  did  not 
think  the  condition  of  p  +  q  =  l,  and  the  condition  that  the  annuity- 
value  and  the  assurance-value  should  bear  the  ordinary  relationship, 
need,  necessarily,  embrace  the  same  class  of  cases.  It  might  possibly, 
so  far  as  mere  statuses  were  concerned  ;  but  in  his  paper  he  had 
contemplated  a  variable  sum  assured — a  thing  which  one  might  very 
well  get,  for  instance,  if  one  were  allowing  for  a  sum  assured  with 
a  guaranteed  bonus.  Then,  of  course,  there  could  be  no  clear 
relationship  between  the  assurance-value  and  the  annuity-value. 


[Mr.  Lidstone  has  sent  us  the  following  additional  remarks 
for  publication.— Ed.  J.I.A^] 

Mr.  Faulks  has  remarked  that  when  verbal  arguments  are 
clothed  in  mathematical  dress,  certain  difficulties  of  interpretation, 
not  observable  in  the  verbal  arguments  themselves,  may  arise ; 
and  he  instanced  the  expression  Pz^j —  P,n  which  occurs  in  the 
author's  note  "  On  a  Method  of  Approximately  Calculating  Net 
Premiums  for  Endowment  Assurances  on  Two  Joint  Lives" 
(J.I.A.,  xxxiii,  35-1).  Mr.  Faulks  observed  that  prima  facie  it 
was  not  easy  to  see  how  Yxn,  a  Premium  depending  on  the  life 
of  x,  could  be  associated  with  P„  which  is  payable  for  n  years 
certain,  the  two  quantities  apparently  being  essentially  different 
in  their  nature.  This  difficulty  has  doubtless  occurred  to  others, 
and  it  appears  desirable  to  indicate  briefly  the  solution,  which  is 
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both  simple  and  instructive.  The  symbol  Vn  represents  primarily 
the  Annual  Premium  payable  for  n  years  certain  to  provide  a 
payment  of  unity  at  the  end  of  that  period.  But  since  the  Pure 
Premium  Policy-value  at  any  point  is  mathematically  and 
financially  equivalent  to  the  difference  between  the  value  of  the 
benefit  and  the  value  of  the  remaining  net  Premiums,  P„  may 
also  be  regarded  as  the  Premium  payable  for  one  year  to  secure 
iV„j  at  the  end  of  one  year;  or  as  the  Annual  Premium  payable 
for  two  years  to  secure  2V,tj  at  the  end  of  that  time ;  or  generally 
as  the  Premium  payable  for  /  years  (where  t  is  not  >n)  to  secure 
tVn  at  the  end  of  that  period.  If  then  P„  per  annum  be  payable 
by  lx  persons  aged  x,  the  Premiums  ceasing  at  death  or  after 
n  payments,  this  Premium  will  secure  iV^i  at  the  end  of  one  year 
to  the  dx  persons  who  die  in  the  first  year,  2V,t  at  the  end  of  the 
second  year  to  the  dx+1  who  die  in  that  year ;  and  so  on,  up  to 
nVjTi=l  for  the  rfa-+„_1  who  die  in  the  «th  year  and  the  lx+u  who 
survive  the  full  term  of  n  years.  In  this  way  it  will  be  seen  that 
P,-;  ,  which  secures  a  uniform  benefit  of  unity,  can  be  legitimately 
compared  with  P„  ,  which  secures  the  varying  benefit  t^ni,  ar>d 
that  both  these  Premiums  can  be  regarded  as  ceasing  at  the 
death  of  x. 

The  arguments  of  Art.  60  can  be  put  into  the  following 
mathematical  form,  which  to  some  minds  may  be  more  conclusive. 
By  the  retrospective  method  the  Normal  Policy-value  is  the 
difference  between  the  Pure  Premiums  and  the  Claims, accumulated 
at  interest  and  with  benefit  of  survivorship,  i.e.  : 

Jo  ^x+n 

When  the  element  of  Discontinuance  is  introduced,  P  will  be 
changed  to  P'  or  say  P  +  (/>,  and  the  further  accumulative  factor 

wl  .  [n  wir.dk 

w*+t   will  be  introduced.*     This  factor  may  be  written  eil  , 

h+n 

1        dwl .   h 
where  w^  is  the  force  of  lapse,  equal  to  —  —. —  •  — -77— ■     Thus — 

''X+k        d* 

.v'=r<p+*-*s()£±<.«frs><i*.«« 

Jo  •L»J+,J 

=j,r%±L.efait.dt (^ 

J0-L\r+N 

+  \"{r>-f,lsl)^-J""'"k.dt    .  .  (B) 

JO  ^x+u 

Expression  (A)  represents  the  accumulated  amount  of  the  Excess 

*  It  is  here  assumed  that  no  Surrender-values  are  payable. 
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Premium,  <£.     Expression  (B)  may  be  transformed  as  follows  by 
Integration  by  Parts,  the  formula  for  which  (slightly  modified)  is 

|    utvtdt  =  un\    rtdt~  \    -Jj(\    vk-dkjdt. 
Putting  e"k'        for  ut,  and   (P— ^S,)Ty+'   for  vt,  this  gives, 
(since  un  =  ein  =e°=i), 


'x+n 


£ 


ill 


dt 


Jo  LJo  ^x+n 

=nv+ r«,  Jfr^-S*  rf  (p-^s,)  ***  .a 

Jo  -"i+n  LJo  -^n-/ 

Jo  -L'j+h 

=  Normal  Policy-value  plus  accumulated  Profit  from 
lapses.  Adding  expression  (A)  which  has  already  been  shewn  to  be 
equal  to  the  Accumulated  Excess  Premium,  there  results — 

Special  Policy-value  =  Accumulated  Excess  Premium       .     .      (A) 
plus  Normal  Policy-value       .     .     .     .  |  ,-„,. 

plus  Accumulated  Profit  from  lapses   .J 

The  following  is  the  proof  that  under  the  given  conditions  and 
with  the  given  Scale  of  Benefits  (vide  J.I. A.,  xxxviii,  551),  the 
Normal  Policy-value  for  age  at  entry  1  is  positive  up  to  duration  £. 
From  n  =  0  to  n=\}  the  sum  assured  is  zero,  and  therefore  V  is 
the  accumulated  amount  of  the  Pure  Premiums;  it  is  thus 
essentially  positive  between  those  limits.  It  is  also  found  to  be 
positive  when  n=h  (vide  Table  XIX,  J.I. A.,  xxxviii,  601).  Now, 
if  fix  be  calculated  for  monthly  intervals  in  the  first  year  of  age 
(by  means  of  the  monthly  table  of  lx  given  by  Farr  in  the 
introduction  to  the  English  Life  Table  No.  Ill)  it  will  be  found 
that  from  n  =  |  to  n=  ^,  //.  is  always  greater  than  *08  ;  and  as  the 
sum  assured,  S,  during  that  period  is  "15  per  unit  Policy,  yuS  is 
always  greater  than  "0120,  i.e.,  always  greater  than  P  which  is 
equal  to  '01147.  Therefore  from  n  =  f  to  n  =  ^  the  Reserves  must 
be  continually  drawn  upon  to  assist  the  current  premium  income 
to  meet  the  current  claims.  But  it  has  been  seen  that  the  Reserve 
is  positive  at  duration   |  and    remains   positive    at    duration    ^, 
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notwithstanding    that    it    is    being    so    drawn    upon.     It    must 
therefore  be  positive  at  every  point  throughout  this  interval. 

It  has  been  suggested  that  it  would  be  desirable  to  amplify 
the  remarks  at  the  end  of  Art.  4,  with  reference  to  last  survivor 
statuses,  and  for  this  purpose  it  will  be  sufficient  to  take  as  an 
example  the  simplest  form,  namely,  an  ordinary  assurance  for  the 
uniform  amount  of  1  on  the  status  xy.  In  such  a  case  after  n 
years  both  z  and  y  may  be  living,  or  x  may  be  living  and  y  dead, 
or  y  may  be  living  and  x  dead;  and  the  Policy-value  will  vary 
according  to  which  one  of  these  events  shall  happen.  If  liy  Policies 
be  effected  on  the  status  xy  the  following  Table  shews  the  number 
of  cases  of  each  kind,  and  the  relative  Policy-values — 


Event 

Number  of  Cases 

Individual  Policy-value 

Aggregate  Policy-values 

'x+n : y+n 
<x+n\'y~  'y+n) 
ty+nQx  ~  lx+n) 

he+n  ■■  y+n  _  (•'  +  d)Ux+n  :y+rfix+n 

+  'x+n  ■■  y+n&y+n—'x+n  :  y+n  '•  az+n  :yr»J 

lx+n(Iy—ly+n) 

~(P  +  d)l(ly-ly+n)lx+n.*S«d 

l>,+n(tx  —  Ix+n) 

-(V  +  <l)Wx-lx+n)ly+n.-> 

\\&y  living 

iving .     .  } 
lead    .     .) 

lead   .     .} 
iving .     .  ] 

l-(P  +  d)az+n:j,+„ 

l-(P  +  rf)a,+„ 
l-(P+r/K+n 

Total 

ly  •  'x+n  +  'x  ■  'y+n 
'x+n  y+n 

Mean=„V^ 

l'y  •  'x+n  +  'x  •  'y+n      'x+n:y+nj 

-(P  +  d)[ly.lX+n.BX+n 

+  'x  ■  'y+n  •  &y+n~  ' x+n  :  y+nax+n  ■  y+n} 

Here  it  is  seen  that  while  individual  Policies  may  have  any  one 
of  three  different  values,  yet  in  the  aggregate  the  continuing 
Policies  may  be  said  to  have  the  mean  value 


l_(P  +  «/)ti*+ 


>i    i    lx  •lfi+n'  ay+H        ' 


'.r+n  :  y+nax+»  :u+n 


\«  •  \r+>i    i   '.>■  • 'y+n       ''x+n  :y+n 

To  this  mean  value  the  symbol  nYp„  may  be  assigned,  for  this 

symbol  is  stated  in  the  Institute  Notation  to  represent  the  "value" 

after  n  years  of  a  Policy  effected  on  the  status  xy,  and  it  is  only 

as  representing  such  a  mean  value  that  the  symbol  can  be  said  to 

have  any  definite  signification. 

If  L+Jy  +  U.+n-Un-.y+n    be    denoted   by    "I-,,,  then  in    the 

application  of  the  Equation  of  Equilibrium  to  the  last  survivor 

«+i/_ 
status,  pn  will  take  the  mean  value    n   *y,  and  qn  the  mean  value 

,  and  V„  will  represent  the  mean  Policy-value  which 


7 


7,. 


x. 

has  been  denoted  by  „V 


xy  - 
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Similar  formulae  might  be  deduced  for  the  survivor  of 
3,  4  .  .  .  lives,  and  it  would  not  be  difficult  to  shew,  by  means 
of  the  well-known  expressions  for  p- £  and  a  '  ,  that  the 

"  l   i  ij:  j  ii:  ...    I    ' 

general  expression  for  the  mean  Policy-value  may  be  put  into  the 
form — 

X'-?-X'+1+r'fr~1)Xr+2-.  .. 

"»\*y*...in7...(0  =  1  —  (P  +  ^)"  ~    ,,.^1\ 

nr_riir+1+    w9     nr+2-. . . 

where  L 

X' '  =  the  sum  of  all  terms  of  the  type  lsv      ,,-,-,  •  nlm      <n •  "a  wv      <,■> 
and 

114    —         >>  J)  y>  >}      'xy  .  .  .  (t-r)  •    ltrr  .  .  .  (r)  ■ 


It  must  be   admitted,   however,  that  this   formula   is   of  purely 
theoretical  interest. 

In  illustration  of  the  statement  made  in  the  course  of  the 
discussion,  that,  in  the  case  of  a  Whole-Life  Policy,  the  rates 
of  lapse  which  would  leave  Policy- values  unaltered  were 
not  essentially  different  from  those  obtaining  in  practice,  the 
following  Table  has  been  prepared,  showing  a  set  of  values  of  the 
force  of  Discontinuance,  wt,  which  will  cause  no  change  in 
the  continuous  Policy-values,  V,  for  an  Ordinary  Whole-Life 
Assurance  on  a  life  aged  [344]  at  entry  ;  the  Normal  Basis  being 
English  Life  No.  Ill,  3  per-cent  and  no  surrender-values  being 
payable.  It  is  thought  that  these  values  cannot  be  fairly 
described  as  "  very  extraordinary,"  as  suggested  by  Mr.  King, 
and  in  general  progression  they  are  not  markedly  dissimilar  from 
those  of  practice  in  industrial  business.  It  is  not,  however, 
intended  (nor  is  it  required  for  the  purposes  of  this  Paper)  to 
suggest  that  the  values  should  be  regarded  as  practical  ones. 
Messrs.  Ackland  and  Bacon  have  shown  {J. I. A.,  xxxviii,  pp. 
559-562)  that,  in  the  case  of  Industrial  Assurance  business,  the 
observed  rates  of  Discontinuance  tend  to  increase  Reserves  on  a 
Pure  Premium  Basis  with  allowance  for  lapses,  thus  confirming 
Mr.  King's  general  conclusions  ;  and  the  present  writer  is  in 
entire  agreement  with  Mr.  King  in  thinking  that  the  increase  of 
Reserves  would  doubtless  be  more  pronounced  in  the  case  of 
ordinary  (non -industrial)  business. 
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On    Mortyayes    of    Expectancies    under    Wills. 
By  James  Rohert  Hart,  F.I. A. 

NSURANCE  Companies  are  sometimes  asked  to  lend  on  a 
prospective  interest  under  the  will  of  a  living  person.  In  most 
cases,  such  an  expectancy  would  of  course  be  quite  out  of  the 
question  as  a  security  ;  for  besides  other  circumstances  that  may 
arise  to  defeat  it,  there  is  the  possibility  that  the  person  who  has 
executed  the  will  may  change  his  mind,  or  get  rid  of  all  his 
property  in  his  lifetime.  But  in  certain  circumstances  the 
chance  of  realizing  such  an  expectancy  may  be  materially 
increased.  For  example,  the  person  who  has  made  the  will  may 
become  lunatic  and  incapable  of  dealing  with  his  property  or 
making  a  testamentary  disposition  of  it.  The  property  would  then 
be  placed  in  the  custody  of  a  trustee  or  the  Court,  and,  subject 
to  a  proper  allowance  for  his  maintenance,  would  be  kept 
intact  till  his  death  or  recovery.  And,  if  there  is  strong  evidence 
that  there  is  practically  no  chance  of  the  lunatic  recovering  his 
reason,  the  prospective  interest  can  almost  be  regarded  as  an 
ordinary  contingent  reversion  to  fall  in  on  the  death  of  the 
lunatic,  if  the  beneficiary  survive  him.  In  such  circumstances, 
the  prospective  beneficiary  may  desire  to  raise  a  loan  on 
his  interest ;  and  life  offices  are  sometimes  approached  in  this 
connection.  Though,  as  the  writer  shows  in  the  following 
remarks,  such  an  expectancy  cannot  form  a  mortgage  security, 
even  when  the  chances  of  its  realization  are  as  favourable 
as  those  mentioned  above,  it  may  be  useful  to  examine  the  chief 
points  that  come  up  for  consideration  in  a  proposal  of  this  sort, 
and  the  reasons  for  which  it  should  be  declined. 

We   have   to  keep   in   view   the   following  risks,   namely,  of 
(a)  the  legatee  predeceasing  the  lunatic,  (b)  there  being  another 
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will  in  existence  dated  subsequent  to  that  put  forward  as  the  last 
will,  (c)  the  will  in  question  being  disputed  on  the  ground  of 
the  lunatic  being  of  unsound  mind  when  it  was  made,  (d)  the 
lunatic  recovering  his  mental  powers,  and  altering  his  will  to  the 
detriment  of  the  borrower's  interest. 

The  first  risk  can,  of  course,  be  covered  by  an  ordinary 
survivorship  policy  on  the  life  of  the  applicant  against  that  of 
the  lunatic.  And  there  would  be  but  little  difficulty  in 
arranging  to  cover  (b),  (c),  and  (d)  if,  as  sometimes  happens, 
strong  evidence  from  trustworthy  sources  can  be  produced  as  to 
the  circumstances  affecting  these  risks.  A  declaration  from  the 
solicitor  who  always  acted  for  the  lunatic  and  who  made  the  will, 
may  go  to  show  that  it  is  practically  certain  that  the  one  on 
which  the  proposed  security  is  based  is  the  last  will,  and  that  it 
was  made  under  conditions  that  leave  very  little  doubt  as  to  the 
lunatic's  sanity  at  the  time  of  its  execution.  On  the  latter 
point,  of  course,  medical  reports  would  also  be  required,  as  well  as 
sound  professional  opinion  as  to  the  lunatic's  chance  of  recovery. 

But,  assuming  the  necessary  covering  insurances  can  be 
satisfactorily  arranged,  there  still  remains  a  very  important 
question  affecting  the  lender's  position  from  its  legal  aspect. 
How  is  he  to  secure  that  on  the  death  of  the  lunatic  the  legacy 
would  not  be  paid  over  to  the  legatee  himself,  or  to  some  other 
incumbrancer,  without  his  loan  being  satisfactorily  discharged  ? 

A  full  consideration  of  these  points  in  the  light  of  a  case 
in  re  Dallas,  1904,  2  Ch.  385,  that  recently  appeared  in  the 
Law  Reports,  shows  that  a  lender  could  not  protect  himself 
in  respect  of  these  risks.  To  make  this  clear,  the  writer 
proposes  to  refer  briefly  to  the  principal  points  in  the  case, 
though,  as  it  was  a  very  lengthy  one,  and  was,  moreover,  carried  to 
the  Court  of  Appeal,  it  is  impossible  to  give  more  than  an  outline. 

One  Frederick  Dallas  was  the  legatee  and  sole  executor 
under  the  will  of  his  father.  During  the  latter's  lifetime  he 
charged  his  legacy  of  £10,000  for  sums  far  in  excess  of  that 
amount;  and,  on  the  father's  death,  disputes  arose  among  the 
incumbrancers  as  to  their  rights  of  priority  in  sharing  in  the 
legacy.  Some  of  the  incumbrancers  had  given  notice  to 
Dallas's  solicitors  during  the  lifetime  of  the  father;  others  to 
the  beneficiary  immediately  on  the  death  of  his  father.  F.  Dallas 
renounced  probate  on  that  event  happening,  and  administration 
was  granted  to  his  sister ;  and  some  incumbrancers  gave 
notice  to  her.  In  the  course  of  the  actions,  it  was  argued 
(1)   that    no    notice    was    necessary,    (2)    that,  because    he    was 
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guilty  of  no  negligence,  an  incumbrancer  who  gave  notice  to 
the  sister  as  soon  as  he  heard  that  she  was  administrator,  should 
rank  before  an  incumbrancer  whose  charge  was  of  later  date,  but 
who  had  given  earlier  notice,  and  (3)  that  notice  to  F.  Dallas 
was  effectual.  Without  going  into  the  arguments,  however,  it 
may  be  sufficient  to  state  that  it  was  held  that  the  incumbrancer 
who  first  gave  notice  to  the  sister  obtained  priority  over  those 
who  gave  notice  to  her  subsequently.  The  judgment  was 
based  on  the  ground  that  (a)  the  first  to  give  notice  to  the  first 
person  having  legal  dominion  of   the    fund  must  be  preferred, 

(b)  the  fact  that  on  the  death  of  the  testator,  when  the  fund 
came  into  existence,  there  was  no  trustee  or  person  having  legal 
dominion  of  the  fund  to  whom  effective  notice  could  be  given, 
was  immaterial  to  alter  the  priority  obtained  by  notice  given  to 
the   person    who    subsequently    had    such    legal   dominion,    and 

(c)  notice  given  by  an  assignee  of  a  fund  to  the  person  who  is 
himself  the  assignor  is  not  an  effective  notice  so  as  to  alter  priorities, 
and  (d)  notice  given  by  an  incumbrancer  to  an  executor,  who 
afterwards  renounces  without  having  in  any  way  acted  in  the 
office,  is  invalid. 

It  will  be  seen,  therefore,  that,  unless  a  lender  is  in  a  position 
to  serve  notice  immediately  the  executor  takes  up  his  duties,  or, 
in  the  event  of  the  executor  renouncing,  on  the  administrator, 
he  runs  the  risk  of  his  charge  being  ousted  or  postponed.  And, 
even  when  he  fulfils  these  conditions,  he  may  not  be  safe. 
Several,  or  all,  of  the  incumbrancers  may  give  notice  to  the 
proper  person  on  the  same  day.  In  such  event,  the  priorities 
will  rank  according  to  the  date  of  the  deeds  of  charge  to  which 
the  notices  relate;  and  a  lender  who  believed  that  his  charge  was 
the  first,  may  find  that  it  was  really  subsequent  to  others.  For  it  is 
to  be  specially  noted  that  there  are  no  trustees,  when  the  charge 
is  created,  from  whom  the  lender  could  enquire  as  to  prior 
dealings.  In  fact,  no  deed  or  fund  exists  while  the  lunatic  is 
alive.  The  result  is  that  a  lender  has  to  rely  for  his  protection 
only  on  the  declaration  of  the  borrower.  It  is  hardly  necessary  to 
state  that  no  prudent  lender  would  consider  such  a  declaration 
sufficient  to  secure  his  advance.  In  the  case  of  Dallas,  an 
incumbrancer  was  misled  in  this  way.  For  this  reason,  apart 
from  the  risks  attaching  to  the  question  of  serving  notice  on  the 
executor  or  administrator,  it  is  clear  that  an  investor  in  the 
position  of  a  life  office  could  not  lend  upon  such  an  expectancy  as 
that  dealt  with. 
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Note  071  the  Methods  folloived  in  the  Registration  of  Deeds 
affecting  Land  in  Scotland.  By  A.  Graham  Donald, 
M.A.,  F.F.A.,  A. I. A.,  of  the  Scottish  Provident  Inst!  tut  ion. 

[A  Paper  on  the  English  Land  Registration  system  was  recently  read  by 
Mr.  J.  E.  Hakt,  F.I.A.,  before  the  Faculty  of  Actuaries  in  Scotland  (see 
T.F.A.,  vol.  ii,  p.  269  et  seq.).  It  is  thought  that  the  following  note,  dealing 
with  the  methods  adopted  in  Scotland  as  to  the  registration  of  Deeds, 
may  he  of  interest  to  readers  of  the  Journal. — Ed.  J.I.J.]. 

UNDER  the  Act  of  1617,  cap.  16  (of  the  Scots  Parliament) 
and  subsequent  Acts,  all  deeds  relating  to  land  require  to  be 
registered,  such  deeds  ranking  according  to  the  date  on  which 
they  are  registered  and  not  according  to  the  date  of  signature. 
There  are  other  kinds  of  Registration  in  Scotland,  notably  for 
Preservation  and  Execution.  Under  this  the  principal  writs  are 
retained  in  the  permanent  custody  of  the  Registrar,  an  extract 
(official  copy)  being  furnished  which  has  the  same  validity  as 
the  original.  In  the  case  of  Registration  for  Publication,  with 
which  this  note  deals,  the  deed,  bearing  a  Certificate  of  Registration 
by  the  Keeper  of  the  Register,  is  in  due  course  returned  to  the 
persons  registering. 

Except  when  the  heritable  property  (real  property)  is  within 
the  ancient  boundaries  of  burghs,  all  deeds  must  be  registered 
at  Edinburgh  in  the  General  Register  of  Sasines  (deeds  giving 
title  to  feudal  property).  Each  deed  presented  there  must  bear  a 
Warrant  of  Registration  by  the  person  (or  his  agent)  at  whose 
instance  it  is  to  be  registered,  and  this  warrant  must  state  the 
county  or  counties  in  which  the  lands  are  situated.  It  may  be 
noted  that  by  introducing  a  suitable  Clause  of  Direction  into 
the  deed  and  referring  to  it  in  the  Warrant  of  Registration,  a 
specific  part  only  of  the  deed  will  be  registered. 

For  convenience,  the  Register  is  kept  in  Divisions  corres- 
ponding to  the  33  counties,  so  that  each  county  possesses 
a  complete  Register  of  its  own.  Should  land  in  different 
counties  be  disponed  (conveyed)  by  one  deed,  the  deed  is  recorded 
at  length  in  the  books  of  the  Division  applicable  to  one  county, 
and  by  memorandum  in  the  books  of  the  Divisions  applicable  to 
the  other  counties. 

Keeping  in  view  this  last  mentioned  provision,  the  following 
remarks  as  to  the  various  books  apply  to  each  county.  When 
the  deed  is  presented  for  registration,  an  entry  of  a  single  line 
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is  made  in  the  appropriate  Presentment  Book  (or  Hooks)  ;  this 
shows  between  what  hours  it  was  presented  on  the  given  day, 
the  names  of  the  granter  or  grantee,  of  the  person  presenting, 
and  of  the  Agent  (Solicitor). 

A  short  precis  of  the  deed  is  made,  and  a  printed  copy  of 
this  forms  the  Minute,  the  minutes  being  printed  in  annual 
volumes  for  each  County  (minute  books).  The  order  in  which 
the  writs  a]) pear  in  the  minute  book,  fixes  priority  and  preference 
of  title.  The  deed  is  then  copied  at  length  in  MS.  in  one  of  the 
Register  Volumes,  the  engrossment  being  twice  collated,  but 
reference  is  not  often  required  to  these  full  copies. 

Complete  Indexes  of  all  the  names  of  persons,  and  of  all  the 
names  of  places  are  prepared  annually,  and  are  printed  and 
bound  up  with  the  respective  volumes  of  minutes.  The 
Presentment  Books,  Minutes,  Indexes  and  the  Register  Volumes 
themselves,  constitute  the  statutory  system  of  registration  in 
Scotland.  In  the  year  1 871,  however,  the  department  commenced 
the  Search  Sheet  (bound  volumes  also  relating  to  each  county) 
with  relative  indexes  of  persons  and  places.  As  occasion  requires, 
an  account  is  opened  in  the  Search  Sheet  for  each  separate 
property  in  Scotland,  and  all  the  entries  relating  to  that  property 
are  posted  in  the  order  in  which  the  writs  have  been  registered. 
Thus,  by  simply  turning  up  the  proper  heading,  a  note  will  be 
found  of  all  changes  in  ownership  or  burdens  put  on  the  property 
since  the  commencement  of  the  Search  Sheet.  Searches  disclosing 
the  state  of  the  title  to  properties  are  obtainable  either  from 
certain  firms  of  professional  (unofficial)  searchers,  or  from  the 
Keeper  of  the  Register. 

The  fees  of  registration  are  commendably  moderate.  Writing 
fees  at  the  rate  of  2s.  per  200  words  are  charged  for  the  MS. 
copy  of  the  writ  engrossed  in  the  Register  Volumes,  and  in 
addition  a  uniform  fee  of  5s.  is  charged  to  cover  the  wrhole  process 
of  registration  including  the  Search  Sheet.  Searches  are  charged 
at  the  rate  of  Is.  6d.  for  each  year  embraced  in  the  period  of 
search,  plus  writing  fees  at  Is.  6d.  per  sheet  of  250  words. 

The  whole  books  and  indexes  of  the  Register  including  the 
Search  Sheet  are  open  to  the  use  of  the  public  at  small  fees  of 
from  2s.  6d.  to  10s.  according  to  the  number  of  volumes 
examined  or  the  length  of  the  period  covered  by  the  examination. 

From  43,000  to  45,000  deeds  are  registered  annually,  of 
which  about  13,000  are  received  at  the  term  of  Whit-Sunday 
(15th  May),  and  6,500  at  Martinmas  (11th  November). 
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Bonuses  in  Model  Office  Valuations  and  their  re  hit  ions  to 
Reserves.  By  James  Buchanan,  D.Sc,  F.I. A.,  F.F.A.,  of 
the  Scottish    Widows   Fund  Life  Assurance  Society. 

[Read  before  the  Institute,  27  March  1905.] 

1  OLLOWING  on  the  reading  of  Mr.  King's  paper  "  On  the 
Comparative  Reserves  of  Life  Assurance  Companies"  {J. I. A., 
xxxvii,  453),  there  appeared  in  the  Insurance  Record  an 
interesting  correspondence,  in  which  certain  developments  of  that 
paper  were  asked  for.  As  these  promised  to  lead  to  results  of 
considerable  interest  and  to  throw  much  light  on  the  working 
of  bonus  systems,  I  communicated  with  Mr.  King,  and  it 
was  with  his  concurrence  that  the  present  investigation  was 
undertaken.  I  desire  now  to  express  my  thanks  to  him  for 
his  kindness  in  placing  at  my  disposal  his  manuscript 
tables,  which  greatly  shortened  the  work  of  certain  parts  of  the 
investigation. 

To  quote  from  Mr.  Lidstone's  suggestive  letter — "  "When  an 
"  office,  for  one  reason  or  another,  is  considering  the  advisability 
"  of  changing  its  valuation  basis,  it  requires,  first  and  foremost, 
"  to  form  an  estimate  of  the  difference  which  such  a  change  will 
w  produce  in  its  reserves ;  this  the  Model  Office  enables  it  to  do 
"  with  great  accuracy  and  facility.  But  it  is  necessary  to  go 
"  much  further  than  this,  and  to  consider  the  effect  on  the  future 
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"  margin  of  loading;  on  the  margin  between  the  actual  and 
"  expected  claims,  and  between  the  actual  and  expected 
"  death  strain  ;  on  the  amount  of  the  accruing  surplus 
"  (arising  from  the  three  main  sources,  namely  :  surplus  loading, 
"  surplus  interest  and  mortality  profit)  and  its  incidence  as 
"  between  policies  of  different  ages  at  entry  and  durations  ;  and 
"  on  the  cash  surplus  necessary  to  allow  of  a  distribution  of 
"  profits  on  a  given  scale. M  It  is  the  object  of  this  paper  to 
answer  some  of  these  questions. 

The  most  popular  form  of  bonus  distribution  in  this  country 
is  that  which  divides  surplus  as  a  percentage  per  annum  on  the 
sums  assured,  or  on  the  sums  assured  and  existing  bonus 
additions.  In  a  paper  read  before  the  Institute  in  1896 
(J. I. A.,  xxxii,  320),  Mr.  Andras  gave  some  interesting  statistics 
regarding  offices  which  follow  this  mode  of  division,  and  stated 
that,  out  of  06  ordinary  life  offices,  33  had  at  that  time  adopted 
one  or  other  of  these  systems — 18  dividing  surplus  on  the 
"simple"  and  15  on  the  "compound"  reversionary  bonus  plan. 
More  recently  (Transactions  of  the  Third  International 
Congress  of  Actuaries,  p.  208)  Mr.  Ryan  drew  attention  to  the 
fact  that,  of  52  selected  offices — as  against  20  which  followed 
this  method  in  the  first  distribution  after  1870 — 30  had  adopted 
it  in  the  last  valuation  prior  to  1900.  It  is  of  interest  to  quote 
his  reasons  for  this  growth  of  popularity.  "  Great  simplicity 
"  in  its  application  is,  perhaps,  its  chief  claim  to  favour ;  a 
"  smoothness  or  regularity  in  its  results,  the  ease  with  which 
"  its  basis  and  principles  can  be  explained  to  the  non-expert, 
"  and  comprehended  by  them ;  these  advantages  also  count 
"  for  something.  But  they  are  in  themselves  not  enough  ; 
"  and  the  methods  would  never  have  become  so  generally 
"  adopted  had  it  not  been  that  the  investigations  of 
"  trained  actuaries  had  proved  that  they  could  be  defended 
"  on  grounds  of  equity,  having  regard  to  the  proper 
"  relation  that  should  always  exist  between  benefit  and 
"contribution."  ....  "The  practical  requirements  of 
"  business  and  a  due  regard  to  scientific  considerations  combined 
"  to  make  the  uniform  and  compound  reversionary  bonus 
"  methods  the  staple  systems  for  the  division  of  surplus  among 
"  participating  policies." 

The  present-day  tendency  appears  to  be  rather  towards 
an  increase  in  the  number  of  offices  following  the  compound 
bonus  plan,  probably  because,  in  addition  to  possessing  the  above 


1905.] 


and  their  relations  to  Reserves. 


259 


requirements,  it  meets  the  popular  desire  for  bonuses,  increasing 
with  duration  of  the  policy  in  reversionary  amount  as  well  as  in 
cash  value.  The  tables  given  in  the  present  paper  relate  to  one 
or  other  of  these  bonus  systems;  but  they  will  probably  be  found 
applicable  to  the  case  of  offices  which  follow  some  other  method  of 
distribution.  As  in  Mr.  King's  recent  paper,  they  are  based 
on  the  data  of  the  Model  Office  constructed  from  the  Experience 
of  the  Twenty  Companies,  called  by  him  Model  Office  No.  1. 

Denoting  by  sr+n  the  sums  assured  in  the  Model 
Office  on  lives  aged  x  at  entry  and  subsisting  after 
n  years,  and  by  b  the  annual  rate  of  bonus,  assumed 
throughout  the  history  of  the  office,  the  amounts 
of  existing  bonus  and  new  bonus,  at  the  end  of  each 
quinquennium,  are  shown  briefly  in  the  following  tabular  forms  : 

(i).     Simple  Bonus  Office. 


Amounts  of 
Simple  and 
Compound 
Bonus, 

uniform 


Policies 

of 
durations 

Existing  Bonus 

New  Bonus 

1-5  years 

■Z\nbsx+n 

6-10    „ 

S.\nbsx+r>+n 

5^2i^+r,+H 

11-15     „ 

2^(5  +  n)bsx+10+n 

562^+io+n 

16-20    „ 

2^(10 +  n)bsx+u+n 

5&2^.c+i5+n 

(ii).     Compound  Bonus  Office. 

Policies 

of 
durations 

Existing  Bonus 

New  Bonus 

1-5  years 

2,\nbsx+n 

6-10    „ 

2.rlnbsx+5+n 

562^(1  +  tib)sx+5+n 

11-15    „ 

s;[(i+5i)(i+«j)-i>x+1Hfl 

56(1  +  5i)2j(l  +  nb)sx+10+n 

16-20    „ 

2i[(l  +  56)--(l+^)-l]-Vfi5+» 

56(l+5J)22'i(l  +  "*K+15+n 

where  %inbsx+n  denotes  the  sum  of  the  values  of  nbsx+n  obtained 
by  giving  to  n  the  values  1  to  5. 

To  construct  the  table  of  amounts  for  the  simple  bonus  office, 
we  require  the  values  of 

and  %lnbsx+n,  ?.}nbsx+5+n,  %lnbsx+l(l+n ,  .... 

s  2 
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and,  for  the  compound  bonus  office,  we  require  in  addition 
the  values  of 

ti(l  +nb)su.+:,+ll,  (1  +56)2,(1  +nb)sx+w+n, 

(1  +  56)%6(1+«A)«X+15+B,.... 

The  expressions  in  the  above  schemes  can  then  be  readily  written 
down ;  and,  assuming  a  given  rate  of  bonus  to  have  been 
maintained  in  the  past,  and  all  bonus  to  have  been  added  by  way 
of  reversion,  these  give  the  amounts  of  bonus  subsisting  at  the 
end  of  each  quinquennium,  and  the  amount  of  new  bonus 
required  to  maintain  that  rate. 

The  assumptions  made  here  differ  considerably  from  what 
occurs  in  practice;  for  the  rate  of  bonus  may  vary  from 
quinquennium  to  quinquennium,  while  policyholders  have  the 
option  of  taking  their  bonus  in  cash,  or  in  the  form  of  reduction 
of  premium.  Further,  the  Model  Office  is  one  which  has  been 
transacting  a  uniform  new  business  during  its  whole  past  history. 
But  there  are  so  many  factors  contributing  to  disturb  the  age 
distribution  of  existing  bonus  additions,  that  the  assumption 
of  a  uniform  rate  of  bonus  will  probably  not  have  much 
effect  on  the  result.  The  object  is  to  construct  a  Model  Office 
for  bonus,  by  the  valuation  of  which  it  may  be  possible  to 
estimate — 

(i)    What  it  will  cost  to  make  a  reserve  for  existing  bonus 

on  a  given  basis, 
(ii)   What  it  will  cost  to  declare  a  new  bonus  at  a  given 

rate. 

In  the  case  of  an  office  allotting  bonus  on  the  uniform 
reversionary  plan,  the  value  which  we  assign  to  b  is  immaterial — 
for  the  amounts  for  one  value  can  be  got  from  any  other  by 
simple  proportion ;  but  with  the  compound  reversionary  plan  the 
case  is  different,  for  the  effect  of  compounding  at  a  higher  rate  is 
to  give  a  relatively  larger  share  to  policies  of  long  duration, 
where  the  reserve  value  of  the  bonus  is  greatest.  A  rate  of  30s. 
per-cent  per  annum  was  assumed  throughout,  as  this  is  a  rate 
approximating  to  that  declared  by  many  first-class  offices.  In 
answer  to  question  2  of  the  6th  schedule  of  the  Act  of  1870, 
Companies  are  required  to  make  a  return,  according  to  present 
age,  of  the  amounts  assured  under  ordinary  whole  of  life  policies, 
and  are  required   to  state  the  amounts  of  reversionary  bonuses 
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Table  I. 

Simple  Bonus  Office. 

Amount  of  Existing  Bonus  calculated  at  the  rate  of  30s.  per-cent 
per  annum  of  the  Sums  Assured  in  Model  Office. 


Central 
Age 

Age  of  Office 

at  Entry 

10  years 

15  years 

20  years 

25  years      30  years 

35  years 

40  years 

45  years 

I  50  years 

Exis 

;ing  Bonus  grouped  according  to  Central  Age  at  Entry 

20 

1,052      3,417 

6,741 

'     10,804 

15,436 

20,550 

26,001 

31,534 

36,615 

25 

3,246    10,8  14 

21,776 

35,214 

50,466 

66,403 

82,129 

96,769 

109,036 

30 

4,104    13,740 

27,555 

44,274 

62,548 

80,846 

'.'7.72  7 

112,031 

122,015 

35 

3,651    12,194 

24,233 

38,552 

53,745 

68,159 

80,248 

88,389 

92,488 

40 

2.72 1     8,973 

17,531 

27,303 

37,048 

45,629 

51,660 

51,724 

55,786 

45 

1,831 

5,925 

11,289 

17,010 

22,052 

25,581 

27,374 

28,004 

28,1  12 

50 

1,158 

3,679 

6,828 

9,892 

12,164 

13,395 

13,794 

13,875 

13,876 

55 

618 

1,877 

3,317 

1,496 

5,193 

5,484 

5,558 

5,559 

5,559 

60 

309 

864 

1,392 

1,746 

1,892 

1,922 

1,922 

1,922 

1,922 

65 

120 

314 

470 

557 

579 

579 

579 

579 

579 

Total 

18,813 

61,827 

121,132 

189,848 

261,133 

328,548 

386,992 

433,386 

466,018 

Ages 
attained 

E 

Ixisting  E 

onus  grouped  acco 

rding  to  j 

kges  atta 

ned 

26-30 

1,052  1    1,052 

1,052 

1 
1,052        1,052 

1,052 

1,052 

1,052 

1,052 

11-35 

3,246     5,611 

5,611 

5.611 

5,611 

5,611 

5,611 

5,611 

5,611 

36-40 

4,104    11,702 

15,026 

15,026 

15,026 

15,026 

15,026 

15,026 

15,026 

41-45 

3,651    13,287 

24,219 

28,282 

28,282 

2s.2>2 

28,282 

2^.2^2 

16-50 

2,724    11,267 

25.i  -2 

38,520 

43,152 

43,152 

43,152 

43,152 

43,152 

51-55 

1,831      8,080 

20,119 

36,838:    52,090 

57,204 

57,204 

57,204 

56-60 

1,158      5,252 

13,810 

28,129  j    46,403 

62,340 

67,791 

67,791 

67,791 

61-65 

618     3,139 

8,503 

18,275      33,468 

51,766 

67,492 

73,025 

73,025 

66-70 

309 

1,568 

1.717 

In,  4.3s      2M,ls:-S 

31.507 

Gl,47s 

66,118 

71,199 

71-75 

120 

675 

2,115 

5,179      10,231 

1S.S12 

30,901 

45,205 

57,472 

76-80 

194 

722 

1,901 

4,173 

7,692 

13.723 

21,864 

31,848 

81-85 

156 

510 

1,207 

2,438 

4,231 

7,295 

11,394 

86-90 

87 

233 

524 

923 

1,553 

2,615 

91  &  over 

22 

52 

126 

2"s 

347 

Total 

18,813 

61,827 

121,132 

Is:-. sl> 

261,133 

328,548 

386,992 

433,386 

466,018 
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Table  II. 

Compound  Bonus  Office. 

Amount  of  Existing  Bonus  calculated  at  the  rate  of  30s.  per-cent 
per  annum  of  the  Sums  Assured  in  Model  Office  and 
previously  declared  Bonus. 


Central 

Age  of  Office 

at  Entry 

10  years 

15  years 

20  years 

25  years 

30  years 

35  years 

40  years 

4 ■>  years 

50  years 

20 

Exist 

ing  Bonus  groupec 

according  to  Central  Age  at  Entry 

1,052      3,484 

7,022 

11,508 

16,819 

22,909 

29,655 

36,774 

43,572 

25 

3,246 

11,055 

22,691 

37,528 

55,009 

73,982 

93,439 

112,270 

128,679 

30 

4,104 

14,008 

28,712 

47,171 

68,114 

89,894 

110,777 

129,168 

142,512 

35 

3,651 

12,432 

25  242 

41,051 

58,460 

75,615 

90,563 

101,022 

106,494 

40 

2,724 

9,147 

18,256 

29,043 

40,208 

50,417 

57,869 

61,804 

63,219 

45 

1,831 

6,038 

11,745 

18,059 

23,844 

28,027 

30,241 

31,051 

31,235 

50 

1,158 

3,748 

7,101 

10,481 

13,079 

14,542 

15,035 

15,140 

15,142 

55 

618 

1,911 

3,444 

4.745 

5,542 

5,887 

5,978 

5,979 

5,979 

60 

309 

879 

1,440 

1,830 

1,996 

2,033 

2,034 

2,034 

2,034 

65 

120 

319 

484 

579 

603 

603 

603 

603 

603 

Total 

18,813 

63,021 

126,137  |  201,995 

283,674 

363,909 

436,194 

495,845 

539,469 

Ages 
attained 

E 

xisting  Bonus  groi 

iped  according  to  i 

iges  atta 

ned 

26-30 

1,052 

1,052 

1,052 

1,052 

1,052 

1,052 

1,052 

1,052 

1,052 

31-35 

3,246 

5,678 

5,678 

5,678 

5,678 

5.678 

5,678 

5,678 

5,678 

36-10 

4,104 

11,913 

15,451 

15,451 

15,451 

15,451 

15,451 

15,451 

15,451 

41-15 

3,651 

13,555 

25,191 

29,677 

29,677 

29,677 

29,677 

29,677 

29,671 

46-50 

2,724 

11,505 

26,209 

41,046 

46,357 

46,357 

46,357 

46,357 

16,351 

51-55 

1,831 

8,254 

21,064 

39,523 

57,004 

63,094 

63,094 

63,094 

63,094 

56-60 

1,158 

5,365 

14,474 

30,283 

51,226 

70,199 

76,945 

76,945 

76  945 

61-65 

618 

3,208 

8,915 

19,702 

37,111 

58,891 

78,348 

85,467 

85,467 

66-70 

309 

1,602 

4,955 

11,269 

22,434 

39,589 

60,472 

79,303 

86,101 

71-75 

120 

690 

2,223 

5,603 

11,3S8 

21,597 

36,545 

54,936 

71.345 

76-80 

199 

760 

2,061 

4,659 

8,842 

16,294 

26,753 

40,097 

81-85 

165 

555 

1,352 

2,815 

5,029 

8,964 

14,436 

86-90 

... 

95 

261 

606 

1,099 

1,909 

3,324 

91  &  over 

... 

24 

61 

153 

259 

445 

Total 

18,813 

63,021 

126,137 

201,995 

283,674 

363,909 

436,194 

495,845 

539,469 
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Table  III. 

Amount  of  New  Bonus  qfSOs.per-centper  annum. 


Central 

Age  of  Office 

Age 

at 

Entry 

5  years 

10  years 

15  years 

20  years 

25  years 

30  years 

35  years 

40  years 

45  years 

50  years 

Simple  Bonus  Office 

20 

1,431 

3,244 

4,735  ,      6,U19        7,151 

8,160 

9,074 

9,901 

10,630 

11,222 

25 

4,066 

9,613 

14,393 

18,613 

22,355 

25,678 

28,531 

30,919 

32,851 

34,282 

30 

5,005 

12,010 

18,071 

23,405 

28,064 

32,048 

35,326 

37,892 

39,782 

40,950 

35 

4,121 

10,644 

16,022 

20,673 

24,665 

27,980 

30,565 

32,406 

33,485 

33,966 

40 

3,326 

7,981 

11,919      15,229 

17,956 

2'  i.i  is:. 

21,626 

22,547 

22,955 

23,080 

45 

2,280 

5,421 

8,006 

lU.HS.j 

11,684 

12,791 

13,426 

13,701 

13,785 

13,801 

50 

1,487 

3,482 

5,076 

6,299 

7,158 

7,657 

7,880 

7,941 

7,952 

7,952 

55 

825 

1,898 

2,697 

3,258 

3,591 

3,745 

3,798 

3,810 

3,810 

3,810 

60 

448 

994 

1,349 

1,556 

1,656 

1,689 

1,695 

1,695 

1,695 

1,695 

65 

192 

409 

534 

595 

620 

625 

625 

625 

625 

625 

Total 

23,481 

55,696 

82,802 

105,732 

124,900 

140,458 

152,546 

161,437 

167,570 

171,383 

Compound  Bonus  C 

(ffice 

20 

1,431  1    3,324 

4,996 

6,515        8,014 

9,421 

10,792 

12,125 

13,388 

14,490 

25 

4,066  J    9,856 

15,222 

20,314     25,169 

29,802 

34,078 

37,925 

41,268 

43,930 

30 

5,005  j  12,317 

19,121 

25,559     31,602 

37,158 

42,069 

46,201 

49,470 

51,639 

35 

4,421    10,919 

16,955 

22,566      27,744 

32,365 

36,236 

39,198 

41,061 

41,952 

40 

3,326  j    8,186 

12,605 

16,598      20,135 

23,101 

25,408 

26,888 

27,590 

27,821 

45 

2,280     5,557 

8,457 

10,963      13,036 

14,576 

15,524 

15,965 

16,110 

16,140 

50 

1,487^    3,569 

5,357 

6,831 

7,944 

8,638 

8,971 

9,070 

9,088 

9,088 

00 

825      1,944 

2,841 

3,517 

3,947 

4,161 

4,240 

4,258 

4,258 

4,258 

60 

448      1,018 

1,415 

1,664 

1,793 

1,838 

1,847 

1,847 

1,847 

1,847 

65 

192 

418 

557 

630 

661 

668 

668 

668 

668 

668 

Total 

23,481 

57,108 

87,526 

115,187  |  140,045 

161,728 

179,833 

194,145 

204,748 

211,833 
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separately.  The  amounts  of  existing  bonus  in  the  above  tables 
have  accordingly  been  arranged  in  quinquennial  groups  according 
to  age  attained,  as  well  as  according  to  age  at  entry  ;  and  by 
comparing  the  amounts  in  any  actual  case  with  the  figures  of 
these  tables — taken,  in  the  case  of  the  compound  bonus  office,  in 
connection  with  Table  5  of  Mr.  King's  paper  (J.I.A.,xxx\\\,  461) — 
it  will  be  possible  to  select  a  Model  Office  of  suitable  age. 
The  case  of  an  office  which  has  been  doing  a  large  new  business, 
or  in  which  bonuses  have  been  applied  to  a  large  extent  in  some 
other  way  than  by  addition  to  the  sum  assured,  will  probably  be 
met  by  selecting  a  Model  Office  younger  than  its  calendar  years 
would  show. 

values  of  ^n  ^c  above  schemes,  giving  the  amounts  of  existing 
sums  Assured,  oonus  an(J  new  bonus  at  the  end  of  each  quinquen- 
nium, the  expressions  will  still  hold  good,  if  for  amounts  we 
substitute  values,  so  that,  to  make  the  valuations  of  the  bonus 
additions,  it  is  easiest  first  to  value  the  original  sums  assured 
under  policies  in  the  Model  Office.  Mr.  King  has  shown  how 
these  valuations  may  be  made  with  great  facility  for  each 
quinquennium ;  but  for  the  present  purpose  we  want  the  values 
for  each  age,  and  each  duration,  separately.  The  valuations 
were  accordingly  made  in  the  ordinary  detailed  way,  and  the 
results  are  set  out  in  Table  XVI II. 

The  values  of  the  sums  assured  were  then  substituted 
in  the  expressions  given  above  for  the  amounts  of 
existing  and  new  bonus,  and  the  complete  valuations 
of  the  bonus  additions — simple  and  compound — are  given  in 
Tables  XX-XXIX. 

In  estimating  reserves  the  age  distribution  of  the  bonus 
additions  is  important,  and  Tables  I  and  II,  with  the 
corresponding  tables  for  reserve-values,  may  be  useful  for  this 
purpose.  Thus,  taking  an  0M  3  per-cent  reserve,  the  percentage 
of  the  reserve-value  on  amount  of  existing  bonus  additions  is, 
according  to  age  of  the  office,  as  follows — 


Values  of 
Simple  and 
Compound 
Bonus. 


Age  of  Office 

10  years 

L'O  years 

30  years 

40  years 

50  years 

Simple  Bonus  Office  . 
Compound  Bonus  Office     . 

505 
50-5 

561 
56-2 

611 

613 

650 
65-5 

676 

683 

These  percentages  appear  to  show  that  the  selection  of  a  Model 
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Office  of  suitable  age  is  of  some  importance,  but  the  way  in 
which  the  bonus  is  allotted  has  little  effect  on  the  reserves. 
Mr.  King  has  constructed  a  Model  Office  for  bonus  from  the 
actual  results  of  five  representative  companies,  and  it  is 
interesting  to  compare  his  figures  with  those  given  above. 
According  to  his  table  the  0M  3  per-cent  reserve  is  673  per-cent 
of  the  amount  of  the  bonus  additions,  and  this  practically  agrees 
with  the  percentage  for  the  Model  Office  of  50  years  standing. 
In  practice  the  reserve  for  bonus  is  generally  small  as  compared 
with  the  total  liability;  but,  if  a  suitable  model  be  selected,  it  seems 
that  these  tables  should  enable  an  estimate  of  reserve  for  existing 
bonus  to  be  made  with  great  accuracy  ;  while  Tables  XXII-XXIX, 
giving  the  value  of  the  new  bonus,  show  how  much  surplus  the 
office  ought  to  have  in  hand  in  order  to  declare  a  new  bonus  at  a 
given  rate. 

Sources  of  This  leads  us  to  consider  the  principal  sources  of 
Surplus.  surplus :    namely,   surplus   loading,   surplus  interest, 

and  mortality  profit.  The  late  Mr.  Sunderland  (J. I. A.,  xxvi,  357) 
constructed  an  elaborate  series  of  tables  showing,  in  the  case 
of  an  office  making  a  valuation  by  HM  3  per-cent,  experiencing 
HM  mortality,  and  giving  interim  bonuses  on  the  same  scale,  the 
bonuses  accruing  from  surplus  loading  and  surplus  interest 
for  experience  rates  of  interest  varying  from  3  to  5  per-cent. 
More  recently  (J.I.A.,  xxxii,  73)  Mr.  Lidstone  has  discussed  the 
same  question,  and  has  given,  for  certain  ages  at  entry,  the 
bonuses  which  would  accrue  from  each  source  to  policies  of 
different  durations.  The  principle,  on  which  these  are  based, 
is  to  convert  the  cash  surplus  annually  into  bonus  additions 
according  to  the  valuation  table  of  mortality  and  rate  of 
interest — thus  providing  for  interim  bonuses  on  policies  which 
become  claims  during  the  quinquennium. 

Assume  that  surplus  interest  is  earned  at  the  rate  p  per 
annum,  and  let  k  be  the  annual  cash  allotment,  per  unit 
sum  assured,  made  at  the  end  of  each  year ;  let  V  be  the  reserve 
in  respect  of  the  sum  assured  immediately  after  payment  of  the 
premium,  B  the  bonus  existing  at  the  beginning  of  the 
quinquennium,  and  A  the  assurance  value  on  the  valuation  basis  ; 
and  let  subscripts  0,  1,  2  .  .  .  denote  that  the  factors  are 
calculated  at  the  beginning  of  the  quinquennium,  one  year  later, 
and  so  on.  Then  the  amounts  of  bonus  arising  from  this  annual 
cash  allotment,  from  surplus  interest  on  policy  reserve,  and  from 
surplus  interest  on  bonus  reserve — increased  in  each  case  by  bonus 


266  Bonuses  in  Model  Office  Valuations  [July 

arising  from  surplus  interest  on  profit  from  the  same  source 
in  previous  years  of  the  quinquennium — are  given  approximately 
by 

5(1  +p)2*     5p(l+p)V      5p(l+p)» 
A *    A *'    A 2' 

These  are  applicable  to  any  policy  in  the  Model  Office  which 
has  been  in  force  for  a  complete  five  years  ;  so  that  the  cash 
values  of  the  bonus  additions,  which  have  accrued  from  each 
source,  in  respect  of  sx+n  policies  in  force  at  the  end  of  the 
quinquennium,  are 

5(l+p)2KxAx+n 

T  sx+n 

■tl-x+n—2 

M.  —  3   »       xi 

x+n-2 

5p{l+p)-Ax+n 

x+n—2 

The  advantages  of  these  expressions  are  twofold — (1)  they  are 
simple, — a  very  important  matter  in  applying  them  to  the  Model 
Office,  where  some  thousands  of  expressions  have  to  be  evaluated ; 
and  (2)  the  difference  between  the  experience  and  valuation  rates 
of  interest  appears  in  the  form  of  a  constant  factor  in  each  term. 
The  other  factors  depend  on  the  scale  of  premiums  charged,  the 
valuation  table  of  mortality  and  rate  of  interest ;  so  that,  if 
we  tabulate,  as  is  done  in  Tables  IV-X,  for  certain  valuation 
bases  the  values  of 

•QoA.l  +  }i  •(JoAg-Mt       -ir/  •Q5A.r+w  ^>  . 

sx  +  m       \  ~  m-3»    xsx  +  n)       a  &™x  +  n-3sx+n> 

x+n—2  "-x+n—2  ■a-j-+»— 2 

we  can  write  down  for  any  experience  rate  of  interest  the  amount 
of  surplus  accruing  from  each  source  by  a  few  easy 
multiplications. 

The  values  of  the  first  expression  are  tabulated  only  for  the 
0M  table  with  3  per-cent  interest,  as  the  corresponding  figures 
for  the  other  tables  of  mortality  did  not  differ  as  a  rule  in  more 
than  the  last  figure ;  and  these  figures  may  be  used  for  any 
valuation  basis,  if  we  remember  that  p  is,  in  this  case,  the  excess 
of  the  experience  rate  of  interest  above  that  used  in  the 
construction  of  this  table,  i.e.,  3  per-cent. 

For  the  combined  0M  and  0M(5)  tables,  the  values  of  the 
expression    giving  the   surplus  interest  on   policy  reserves,  were 
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obtained  from  the  corresponding  figures  for  the  0M  5)  table  by  a 
method  similar  to  that  used  by  Mr.  King  in  constructing  the  0M 
and  CP  5}  reserves  for  the  Model  Office. 

If  V  be  the  policy  value  after  payment  of  the  premium, 

r=i-^±?  +  -  -d 

&X  &x 

a. 

or  ax+)l={v  —  Y')ax. 

Hence,  if  &),  and    &>2  be    the  pure  premiums  according  to   the 

0*  and  O"™  Tables, 

V'(0M0M ''  )=V'(0^)  +  (^-•O^^O"  " ) 
=  [¥'+*(•- V')](0»W) 

where  yjr  =  ((o-2  —  (o,)ax(0^r').     Thus  we  have 

{Surplus    Interest   on   Policy]       j  Surplus    Interest   on    Policy  | 
Reserve    according     to    the \=\ Reserve     according    to    the. 
Combined  Tables  J       (  0M     Table  J 

+  op(i+p)^(v-n^\'x)/i-+' 

n-x+n- 


Lj-+"    -«. 


In  the  last  term  the  factor        x+'  -  does  not  differ  much  from 

unity  and,  being  multiplied  by  the  small  factor  pyjr,  may  be 
omitted. 

In  valuations  by  the  combined  tables,  where  an  0M  reserve 
Is  made  for  policies  in  the  first  quinquennium,  the  surplus 
interest,  earned  in  the  second  quinquennium,  will  be  earned  on 
these  reserves,  and  the  figures  for  the  10-year  office  are  given  on 
this  basis.  In  the  same  way,  for  the  combined  H31  and  I1M 
tables,  the  figures  of  the  first  two  columns  are  the  same  as  the 
corresponding  figures  for  the  HM  Table. 

In  the  expressions  for  surplus  interest  on  bonus  reserve,  the 

factor      J+"~3  differs  very   little   from   unity,   and   the   effect  of 

■"-x+n-2 

replacing  it  for  each  quinquennium  by  its  mean  value  seldom 
altered  the  figures  by  more  than  unity.  As  these  figures  are 
multiplied  by  p,  any  error  introduced  by  making  this  substitution 
is  quite  negligible. 

The  above  expressions  require  modification  in  the  case  of 
policies  in  the  first  quinquennium,  which  have  been  less  than  five 
years  in  force.     Those  depending  on  surplus  loading  are  the  only 


268 


Bonuses  in  Model  Office  Valuations 


[July 


ones  of  much  importance;  and,  taking  the  expressions  given  in 
Mr.  Lidstone's  paper  (J.I. A.,  xxxii,  94),  the  following  approxi- 
mations were  used — 


Duration  of  Policy 

Cash  Value  of  Bonus  Addition  arising 
from  annual  cash  allotment  of  /.' 

1  year 

2  years    . 

3  „        . 

4  „       .         . 

5  „       . 

Kx{l+p)Sx+l 
2Kx(l+p)pLtlSx+2 

3«x(1+P)    f*+3**+3 
Ajt+2 

4K*(1+P)aA*+4Sz+4 

A«+a-s 

5Ml+p)4£±5^+5 

&X+3 

the  principle  followed  being  to  substitute  twice,  three  times,  .  .  . 
the  central  value  of  the  detailed  expression,  and  then  to  write 
1+pas  a  common  factor  in  each  term.  Practically  the  same 
result  will  be  got,  if  we  assume  a  common  factor  (1+p)2 
throughout,  and  deduct  p  times  the  figures  of  the  first  column. 

To  get  the  loading  surplus,  the  figures  of  Table  IV  should  be 
multiplied  by  100k(1  +p)'2,  where  *  is  the  loading  allotted 
annually  by  way  of  bonus  and  p  has  the  meaning  explained 
above,  and  a  deduction  made  for  policies  in  the  first  quinquen- 
nium ;  while  surplus  interest  on  policy  and  bonus  reserves  will 
be  found  by  multiplying  the  figures  of  Tables  V— X  by 
100^(1  +p)2,  where  p  is  the  excess  of  the  experience  rate  above 
the  valuation  rate  of  interest. 

Table  IV. 
Loading  Surplus. 


Central 

Age  of  Office 

Age 

at 

Entry 

5  years 

10  years 

15  years 

20  years 

25  years 

30  years 

35  years 

40  years 

45  years 

50  years 

20 

979 

2,240 

3,275 

4,166 

4,950 

5,648 

6,280 

6,850 

7,352 

7,758 

25 

2,783 

6,633 

9,947 

12,871 

15,462 

17,759 

19,727 

21,370 

22,693 

23,671 

30 

3,425 

8,284 

12,485 

16,179 

19,399 

22,148 

24,403 

26,162 

27,451 

28,245 

35 

3,026 

7,338 

11,061 

14,275 

17,029 

19,309 

21,081 

22,336 

23,070 

23,396 

40 

2,274 

5,498 

8,220 

10,503 

12,379 

13,838 

14,890 

15,517 

15,793 

15,878 

45 

1,558 

3,728 

5,510 

6,940 

8,036 

8,792 

0.224 

9,410 

9,467 

9,478 

50 

1,015 

2,391 

3,487 

4,325 

4,911 

5,251 

5,403 

5,444 

5,452 

5.152 

55 

563 

1,301 

1,850 

2,233 

2,459 

2,563 

2,599 

2,607 

2,607 

2,607 

60 

304 

679 

922 

1,063 

1,131 

1,153 

1,157 

1,157 

1,157 

1,157 

65 

129 

277 

362 

404 

421 

425 

425 

425 

425 

425 
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Table  V. 
Surplus  Interest  on  Policy-Reserves. 


Central 

Age  of  Office 

Age 

at 

Entry 

5  y.-ai  9 

10  years 

15  years 

20  years 

25  years 

30  years 

35  years 

40  years 

45  years 

50  years 

20 

0M  Mortality  Table— Interest  2h  per-cent 

27 

112 

243 

411 

611  i       838      1,091      1,363      1,641 

1,896 

25 

89 

387 

862 

1.4S6 

2,233      3,075 1    3,956 

4,826      5,633 

6,302 

30 

127 

557 

1,243 

2,140 

3,191  !    4,326     5,454 

6,483 

7,341 

7,926 

35 

130 

569 

1,267 

2,159 

3,180     4,239 

5,223 

6,029 

6,556 

6,812 

40 

114 

495 

1,084 

1,810 

2,598 

3,356 

4,000 

4,436 

4,648 

4.7  is 

45 

93 

393 

839 

1,357 

1,875 

2,310 

2,598 

2,737 

2,783 

2,793 

50 

72 

295 

Oil 

956 

1,265 

1,479 

1,588 

1,621 

1,627 

1,627 

55 

48 

188 

369 

546 

677 

748 

775 

781 

781 

781 

60 

31 

113 

204 

276 

319 

335 

338 

338 

338 

338 

65 

16 

54 

90 

114 

125 

128 

128 

128 

128 

128 

Total 

747 

3,163 

6,812 

11,255 

16,074   20,834 

25,151 

28,742 

31,476 

33,321 

20 

<JM  Mortality  Table— Interest  2%  per-cent 

26 

107 

232 

393 

586 

806      1,052'    1,317 

1,589 

1,840 

25 

85 

371 

828 

1,430 

2,153 

2,972      3,832!    4,685 

5,478 

6,138 

30 

122 

535 

1,198 

2,067 

3,090 

4,199      5,301      6,317 

7,164 

7,743 

35 

125 

550 

1,227 

2,096 

3,094 

4,133      5,102      5,898 

6,420 

6,674 

40 

111 

482 

1,057 

1,767 

2,540 

3,286      3,922      4,354 

4,564 

4,633 

45 

90 

383 

820 

1,329 

1,839 

2,268      2,553      2,691 

2,737 

2,747 

50 

70 

238 

599 

939 

1,244 

1,456      1,564      1,597 

1,603 

1,603 

55 

47 

184 

362 

537 

667 

738         765         771 

771 

771 

60 

31 

112 

202 

274 

316 

332         335         335 

335 

335 

65 

16 

53 

89 

112 

123 

126        126        126 

126 

126 

Total 

723 

3,065 

6,614 

10,944 

15,652  j  20,316    24,555    28,091 

30,787   32,610 

20 

0M  Mortality  Table— Interest  3  per-cent 

24 

101 

220         375 

561         774 '    1,013 

1,272 

1,539      1,786 

25 

82 

356 

795      1,376 

2,076     2,872      3,712 

4.548 

5,329 

5,980 

30 

118 

516 

1,156      1,999 

2,995 

4,078      5,162 

6,159 

6,995 

7,568 

35 

122 

533 

1,190     2,036 

3,012 

4,031      4,985 

5,771 

6,287 

6,539 

40 

108 

469 

1,029      1,723 

2,482 

3,217  |    3,845 

4,272 

4,481 

4,550 

45 

88 

374 

802      1,302 

1,805 

2,229|    2,511 

2,648 

2,694 

2,703 

50 

69 

283 

589         924 

1,226 

1,436  j    1,543 

1,576 

1,582 

1,582 

55 

46 

182 

358         531 

660 

730  j       757 

763 

763 

763 

60 

30 

110 

199         270 

312 

328 1       331 

331 

331 

331 

65 

16 

53 

88         111 

122 

125         125 

125 

125 

125 

Total 

703 

2,977 

6,426    10,647  ]  15,251 

19,820 :  23,984 

27,465 

30,126 

31,927 

20 

0M  Mortality  Table— Interest  3£  per-cent 

22 

92 

201 

343 

515 

714 

939 

1,186 

1,442 

1,681 

25 

78 

330 

736 

1,277 

1,933 

2,685 

3,486 

4,289 

5,044 

5,678 

30 

109 

479 

1,076 

1,867 

2,809 

3,843 

4,885 

5,850 

6,664 

7,225 

35 

114 

499 

1,118 

1,920 

2,852 

3,833 

4,757 

5,523 

6,029 

6,276 

40 

102 

443 

975 

1,639 

2,370 

3,082 

3,695 

4,114 

4,319 

4,387 

45 

84 

357 

767 

1,250 

1,738 

2,152 

2,426 

2,561 

2,606 

2,615 

50 

66 

272 

567 

892 

1,187 

1,393 

1,498  |    1,530 

1,536 

1,536 

55 

45 

176 

347 

516 

642 

711 

738  [       744 

744 

744 

60 

30 

108 

195 

265 

307 

323 

326 1       326 

326 

326 

65 

15 

51 

86 

109 

120 

123 

123         123 

123 

123 

Total 

665 

2,807 

6,068 

10,078 

14,473 

18,859 

22,873    26,246 

28,833 

30,591 
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Table  VI. 
Surplus  Interest  on  Policy -Reserves. 


Central 
Age 
at 

Kntry 

Age  of  Office 

5  yean 

10  yean, 

LO  years 

•20  years 

25  years 

30  years 

35  years 

40  yean 

45  years 

50  years 

20 

0M<5)  Mortality  Table — Interest  3  per-cent 

23 

93 

202         345 

520 

723 

954 

1,206 

1,468 

1,711 

25 

79 

335 

748 

1,302 

1,978 

2,754 

3,577 

4,401 

5,173 

5,819 

30 

115 

I'.IS 

1,117 

1,939 

2,917      3,986 

5,059 

6,048 

6,879 

7,449 

35 

120 

52  1 

1,171 

2,008      2,975      3,987 

4,936 

5,719 

6,234 

6,485 

40 

108 

465 

1,021 

1,711 

2,466 

3,197 

3,823 

1,210 

4,457 

4,526 

45 

88 

373 

799 

1,297 

1,798 

2,221 

2,503 

2,640 

2,685 

2,60  1 

50 

69 

282 

586 

920 

1,221 

1,431 

1,538 

1,571 

1,577 

1,577 

55 

46 

181 

356 

529         658 

728 

755 

761 

761 

761 

60 

30 

110 

199 

270         312 

328 

331 

331 

331 

331 

65 

16 

53 

88 
6,287 

111          122 

125 

125 

125 

125 

125 

Total 

694 

2,914 

10,432    14,967 

19,480 

23,601    27,051 

29,690 

31,478 

20 

Combined  0M,  0M<6'  Mortality  Tables  — Interest  3  per-cent 

24 

101 

232 

392 

581  1       795 

1,035 

1,29 1 

1,562 

1,809 

25 

82 

356 

808 

1,402 

2,110     2,911 

3,753 

4,591 

5,372 

0,023 

30 

118 

516 

1,176 

2,031 

3,034     4,122 

5,208 

6,206 

7,042 

7,614 

35 

122 

533 

1,204 

2,059 

3,040      4,062 

5,017 

5.804 

6,321 

6,573 

40 

108 

469 

1,037 

1,736 

2,407      3,232 

3,860 

4,287 

1.105 

4,561 

45 

88 

374 

806 

1,308 

1,812 

2,236 

2,519 

2,656 

2,701 

2,710 

50 

69 

283 

590 

926 

1,228 

1,438 

1 ,5  15 

1,578 

1,584 

1,584 

55 

46 

182 

358 

532 

661 

731 

758 

764 

764 

764 

60 

30 

110 

200 

271 

313 

329 

332 

332 

332 

332 

65 

16 

53 

88 

111 

122 

125 

125 

125 

125 

125 

Total 

703 

2,977   6,499 

10,768  '  15,398  j  19,981 

24,152 

27,637 

30,298 

32,098 

20 

HM  Mortality  Table — Interest  3  per-cent 

24 

96 

207 

353 

529 

734         966 

1,220 

1,484 

1,729 

25 

82 

346 

766 

1,324 

2,004 

2,784     3,612 

4,441 

5,218 

5,869 

30 

117 

502 

1,120 

1,943 

2,922 

3,994      5,073 

6,068 

6,906 

7,481 

35 

121 

523 

1,170 

2,007 

2,977 

3,995      4,949 

5,738 

6,257 

6,509 

40 

108 

468 

1,027 

1,721 

2,482 

3,219      3,852 

4,282 

4,491 

4,560 

45 

89 

375 

803 

1,305 

1,810 

2,237      2,522 

2,659 

2,704 

2,714 

50 

70 

286 

594 

931 

1,236 

1,448      1,555 

1,588 

1,594 

1,594 

55 

47 

184 

362 

537 

667 

738         765 

771 

771 

771 

60 

31 

112 

202 

274 

317 

333         336 

336 

336 

336 

65 

16 

54 

90 

113 

124 

127         127 

127 

127 

127 

Total 

705 

2,946 

6,341 

10,508 

15,068 

19,609   23,757 

27,230 

29,888 

31,690 

20 

Combined  HM  and  HM(51  Mortality  Tables — Interest  3  per-cent 

24 

96       223 

379 

563 

774 

1,010 

1,267  ,    1,532 

1,778 

25 

82 

346       807 

1,394 

2,096 

2,893 

3,732 

4,568 

5,349 

6,002 

30 

117 

502    1,165 

2,022 

3,026 

4,114 

5,202 

6,202 

7,042 

7,618 

35 

121 

523    1,206 

2,070 

3,057 

4,085 

5,045 

5,837 

6,357 

6,609 

40 

108 

468;  1,052 

1,761 

2,531 

3,273 

3,908 

4,339 

4,549 

4,618 

45 

89 

375 

816 

1,326 

1,835 

2,264 

2,550 

2,688 

2,733 

2,743 

50 

70 

286 

601 

942 

1,248 

1,461 

1,569 

1,602 

1,608 

1,608 

55 

47 

184 

364 

541 

672 

743 

770 

776 

776 

776 

60 

31 

112 

203 

275 

318 

334 

337 

337 

337 

337 

65 

16 

54 

90 

113 

124 

127 

127 

127 

127 

127 

Total 

705 

2,946 

6,527 

10,823 

15,470 

20,068 

24,250 

27,743 

30,410 1  32,216 

1905.] 
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Table  VII. 

Surplus  Interest  on  Bonus-Reserves. 

Simple  Boxes  Office. 


Central 

Age  of  Office 

Age 

at 

Entry 

10  years 

15  years 

20  years  25  years  30  years 

35  years    40  years    45  years 

50  years 

20 

0M  Mortality  Table — Interest  2k  per-eent 

22 

75 

158 

268 

103 

565          751 

953      1,151 

25 

75 

263 

559 

952 

1,435 

1,978     2,553 

3.121 

3,62  1 

30 

103 

363 

768 

1,298 

1,921 

2,589      3.215 

3,831 

- 

35 

99 

350 

731 

1,220 

1,775 

2,335 

2,830 

3,180 

3,362 

40 

80 

279 

571 

928 

1,306 

1,659 

1.'.'17 

2,053 

8,101 

45 

58 

199 

395 

617 

824 

974 

1,054 

1,063 

1,090 

50 

40 

132 

254 

380 

177 

532 

550 

554 

554 

O-i 

23 

72 

131 

182 

213 

226 

230 

230 

230 

60 

12 

35 

58 

73 

80 

82 

82 

82 

82 

65 
Total 

5 

n 

21 

25 

26 

26 

26 

26 

26 

517 

1,782  3,6 1<;   •:>.'.'  13 

8,460    10,966    13,238 

15,113 

- 

20 

0M  Mortality  Table — Interest  2f  per-cent 

21 

71 

148 

252       381         536 

716 

912 

1,105 

25 

70 

217 

526 

901 

1,364 

l,Ss«j 

2,446 

3,002 

3,496 

30 

97 

343 

729 

1.236 

1,837 

2,4S6 

3,127 

3.703 

4.124 

35 

94 

333 

699 

1,171 

1,709 

2.257 

2.713 

.    37 

3,268 

40 

/  / 

267 

549 

896 

1,266 

1,611 

1,866 

2,001 

2,050 

45 

56 

191 

382 

598 

802 

951 

1,030 

1,058 

1,065 

50 

38 

128 

247 

371 

467 

521 

539 

543 

543 

55 

22 

70 

128 

178 

209 

222 

225 

225 

223 

GO 

12 

34 

57 

72 

79 

81 

81 

81 

81 

65 

5 

13 

20 

24 

25 

25 

25 

25 

25 

Total 

492 

1,697 

3,485 

5,699   8,139 

10,579 

12,798 

14,637 

15,982 

20 

0M  Mortality  Table— Interest  3  per-cent 

19 

66 1     139 

237 1     360         509 

6^2         873 

1,062 

25 

65 

232      497 

854 '  1,299      1,805 

2.347      2,890 

3,374 

30 

91 

324 

692 

1,179    1,761      2,390 

3,016      3,581 

3,997 

35 

89 

316 

668 

1,123    1,647      2,1S2 

2,659      2,998 

3,175 

40 

73 

256 

528 

S65 

1,226      1,565 

1,817 

1,950 

1,99s 

15 

54 

184 

369 

582 

781 

:'_<- 

1,005 

1,034 

1,041 

50 

37 

124 

241 

362 

457 

510 

528 

532 

532 

55 

21 

68 

125 

175 

205 

218 

221 

221 

221 

60 

12 

34 

56 

71 

78 

79 

79 

79 

79 

65 
Total 

5 

13 

20 

24 

25 

25 

25 

25 

25 

466 

1,617    3,335 

5,472 

10,211 

12,379    14,183    15,504 

20 

0M  Mortality  Table — Interest  3£  per-cent 

16 

58       122       211 

323 

461 

622 

803         982 

25 

57 

206      414       769 

1.179 

1,652 

2,165 

2,684     3,151 

30 

81 

291       626    1,076 

1,618 

2,215 

2,812 

3,358      3,762 

35 

80 

2s7       612    1,037 

1,532 

2,042 

2,503 

2,832     3,007 

40 

67 

236      490      808 

1,154 

1,481 

1,725 

1,856      1,902 

45 

50 

172       347       550 

743 

885 

961 

989         995 

50 

35 

117       229       345 

137 

490 

508 

512         512 

•".■} 

20 

65       120 

168 

197 

210 

213 

213         213 

60 

11 

33         54 

69 

76 

76 

76 

76           76 

65 

5 

12         19 

23 

21 

24 

24 

21           24 

Total 

422 

1,477    3,063 

5,056 

7,283 

9,536 

11,609 

13,347    14,624 
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Table  VIII. 

Surplus  Interest  on  Bonus-Reserves. 

Compound  Bonus  Office. 


Central 

Age  of  Office 

Age 
at 

Entry 

10  years 

1 S  yea  ra  10  years  25  years 

30  years 

35  years 

40  years 

45  years 

50  years 

20 

0M  Mortality  Table — Interest  2i  per-cent 

22 

78 

166 

2S7 

442         635         865      1,125 

1,389 

25 

75 

269 

583 

1,018 

1,571 

2,218 

2,929 

3,661 

1  -,33  1 

30 

103 

371 

802 

L,386 

2,101 

2,897 

3,708 

4,462 

5,034 

35 

99 

357 

763 

1,303 

1,939     2,605 

3,217 

3,666 

3,909 

40 

80 

284 

595 

989 

1,423      1,842 

2,162 

2,336 

2,401 

45 

58 

202       411 

656 

893 

l.<>73 

1,171 

1,208 

1,217 

50 

40 

135       265 

403 

515 

580 

602 

607 

607 

55 

23 

73       136 

192 

227 

243 

247 

247 

247 

60 

12 

36         60 

77 

85 

86 

86 

86 

s<; 

65 

5 

14         21 

25 

27 

27 

27 

27 

27 

Total 

517 

1,819    3,802  j  6,336  j  9,223    12,206 

15,014 

17,425 

19,251 

20 

0M  Mortality  Table — Interest  2 J  per-cent 

21  1 

72 

155 

269 

418 

602 

825 

1,077 

1,335 

25 

70 

252 

550 

963 

1,494 

2,118 

2,808 

3,523 

4,183 

30 

97 

350 

760 

1,321 

2,010 

2,783 

3,575 

4,315 

4,879 

35 

94 

339 

729 

1,249 

1,868 

2,519 

3,120 

3,562 

3,803 

40 

77 

272 

572 

955 

1,379 

1,790 

2,105 

2  278 

2,342 

45 

56 

195 

398 

637 

870 

1,047 

1,144 

1,180 

1,189 

50 

38 

131 

258 

394 

504 

568 

591 

595 

595 

55 

22 

71 

133 

188 

223 

239 

243 

243 

243 

60 

12 

35 

59 

76 

83 

85 

85 

85 

85 

65 

5 

13         21 

25 

26 

26 

26 

26 

26 

Total 

492 

1,730  j  3,635 

6,077 

8,875 

11,777 

14,522 

16,884 

18,680 

20 

0M  Mortality  Table — Interest  3  per-cent 

19 

67       145 

253       395 

572 

7*7 

1,032 

1,284 

25 

65 

237       518 

913    1,422 

2,026 

2,697 

3,395 

4,043 

30 

91 

331       722 

1,260    1,926 

2,677 

3,452 

4,178 

4,734 

35 

89 

323       697 

1,200    1,800 

2, 136 

3,027 

3,463 

3,701 

40 

73 

261       551 

923    1,337 

1,740 

2,051 

2,222 

2,286 

45 

54 

188       385 

619       848 

1,022 

1,118 

1,155 

1,163 

50 

37 

127       251 

385       493 

557 

579 

584 

584 

55 

21 

69       130 

184       219 

234 

238 

238 

23S 

60 

12 

34         57 

74        82 

84 

84 

84 

84 

65 

5 

13         20 

25         26 

26 

26 

26 

26 

Total 

466 

1,650   3,476 

5,836    8,548    11,374 

14,059 

16,377  1 18,143 

20 

()M  .Mortality  Table — Interest  3£  per-cent 

16 

59 

128 

225 

354         517 

718 

950 

1,190 

25 

57 

209 

462 

822 

1,292 

1,855 

2,490 

3,158 

3,783 

30 

81 

297 

653 

1,150 

1,772 

2,482 

3,222 

3,923 

4,463 

35 

80 

293 

639 

1,109 

1,676 

2,283 

2,853 

3,276 

3,509 

40 

67 

240 

511 

863 

1,258 

1,647 

1,949 

2,116 

2,179 

45 

50 

175 

361 

585 

806 

975 

1,069 

1,105 

1,113 

50 

35 

119 

238 

367 

472 

535 

556 

561 

561 

55 

20 

66 

125 

177 

211 

227 

231 

231 

231 

60 

11 

33 

56 

72 

80 

81 

81 

81 

81 

65 

-1 

422 

13 

20 

24 

25 

25 

25 

25 

25 

Total 

1,504 

3,193  ■  5,394 

7,946 

10,627 

13,194 

15,426 

17,135 

1905.] 
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Table  IX. 

Surplus  Interest  on  Bonus-Reserves. 

Simple  Boxes  Office. 


Central 

Ace  of  Office 

Age 

at 

Entry 

10  years 

1-5  years 

20  years 

oO  years 

35  years    40  years   45  years 

50  years 

20 

OM.oi  Mortality  Table — Interest  3  per-cent 

20 

67 

141 

239 

363 

512         686 

877     1,066 

!     25 

66 

235 

500 

859 

1,303 

1,811 

2,353 

2,896      3. 

30 

92 

327 

696 

1,182 

1,766 

2,397 

3,023 

3,588     4,004 

35 

90 

318 

670   1,126 

1,650 

2,184     2,662 

3,001      3,179 

1     40 

73 

256 

530 '     867 

1,229 

1,568 1    1,819     1,952     2,000 1 

45 

51 

185 

369      582 

781 

928      1,006 

1,035      1 ,041 

50 

37 

124 

241 ;     362 

157 

:.l" 

528 

532         532 ; 

55 

21 

68       125       175 

205 

218 

221 

221         221 

60 

12 

34 

56;      71 

78 

79 

79 

79           79 

65 

5 

13 

20 1       24 

25 

25 

25 

25 1         25 

Total 

470 

1,627 

3,348   5,487 

1 
7,857    10,232    12,402    14,206    15,527 

20 

II M  Mortality  Table — Interest  3  per-eent 

20 

68      143 

213       367         516         691 

883 

1,073 

25 

67 

237       505 

865    1.312      1,823     2,368 

2,913 

3,401 

30 

93 

329       7'  i 1 

1,191    1,776      2,410     3,039 

3,60S 

fc,026 

35 

90 

320      674 

1,133    1,660     2,197      2.677 

3,018 

3,196 

40 

74 

258 1     532 

871    1,234      1,575 

1,828 

1,961 

2,009 

45 

54 

186      372 

585      787        933 

1.012 

1,010 

1,047 

50 

37 

125 

242 

364       459         513 

530 

534 

534 

55 

22 

69 

126 

176       206j       219 

223 

223 

223 

60 

12 

34 

56 

71        78          79 

79 

79 

79 

65 

5 

13 

20 

24         25           25 

25 

25 

25 

Total 

171 

1,639 

3,370 

5,523    7,001    10,290 

12,472 

14,284 

15,613 

20 

HM  "  Mortality  Table — Interest  3  per-cent 

20 

70 

146'     246       372         523 

698         891      1,081 

25 

68 

211 

512      877   1,327      1,840 

2,388      2.034     3,122 

30 

94 

334       70S    1,203    1,791      2,428 

3,058      3.627     4.045 

35 

91 

323       680    1,141    1,670     2,207 

2,688  |    3,029 

40 

75 

260       536       875    1,239      1,581 

1,833      1,967     2,015! 

45 

55 

187      373'     588      789        936 

1,014      1,043      1,050  J 

50 

38 

126       243       366      461         514 

532         536         536 

55 

22 

69       126       176       206         219 

223         223         223 

60 

12 

34        56        71        78          79 

79          79 1        79 

65 

5 

13         20         24         25           25 

25 

25           2c 

1 

Total 

480 

1,657    3,400 

5,567   7,958   10,352    12,538 

1 1,354 1 15,683 
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Table  X. 

Surplus  Interest  on  Bonus  Bescrvcs. 

Compound  Bonus  Office. 


Central 

Aok  of  Office 

Age 
at 

Entry 

10  years 

15 years  -JOyears 

25  years 

30  years 

85  years 

40  years 

4  5  years 

50  years 

20 

0*1(5)  Mortality  Table — Interest  3  per-cent 

20 

69 

147 

256      398 

576 

790 

1,036 

1,288 

25 

66 

239 

522 

919    1,429 

2,033 

2,704 

3,403 

4,051 

30 

92 

333 

726 

L,265    1,932 

2,683 

3,458 

4,184 

4,740 

35 

90 

324 

699 

1,203    1,803 

2,440 

3,030 

3,466 

3,704 

40 

73 

261 

552 

924    1,338 

1,742 

2,052 

2,223 

2,287 

45 

54 

188 

385 

620      849 

1,023 

1,119 

1,156 

1,164 

50 

37 

127 

251 

385 1     493 

557 

579 

584 

584 

55 

21 

69 

130 

184 1     219 

234 

238 

238 

238 

60 

12 

34 

57 

74 

82 

84 

84 

84 

81 

65 

5 

13 

20 

25 

26 

26 

26 

26 

26 

Total 

470 

1,657 

3,489 

5,855 

8,569 

11,398 

14,080 

16,400 

18,166 

20 

HM  Mortality  Table— Interest  3  per-cent 

20 

69 

148 

258      401 

579         795 

1,042 

1,296 

25 

67 

241 

526 

924  : 1,438 

2,0 15     2,719 

3,421 

4,074 

30 

93 

336 

730 

1,273    1,943 

2,698     3,477 

4,209 

4,767 

35 

90 

326 

703 

1,210    1,814 

2,153     3,047 

3,485 

3,723 

40 

74 

263 

555 

929    1,346 

1,752      2,063 

2,235 

2,299 

45 

54 

189 

387 

623       853 

1,028      1,125 

1,161 

1,170 

50 

37 

128 

253 

387 

496 

559         582 

586 

586 

55 

22 

70 

131 

185 

220 

236 

240 

210 

240 

60 

12 

34 

58 

75 

82 

84 

84 

84 

84 

65 

5 

13 

20 

25 

26 

26 

26 

26 

26 

Total 

471 

1,669 

3,511 

5,889 

8,619 

11,460   14,158 

16,489 

18,265 

20 

HM<5)  Mortality  Table — Interest  3  per-cent 

20 

71       152 

263 

407 

587- 

804 

1,052 

1,306 

25 

68 

246       534 

937 

1,154 

2,064 

2,741 

3,414 

4,097 

30 

94 

340       739 

\:i^> 

1,959 

2.717 

3,197 

4,229 

4,788 

35 

91 

330 

709 

1,218 

1 ,82  1 

2,464 

3,059 

3,497 

3,736 

40 

75 

265 

558 

934 

1.331 

1,757 

2,070 

2,241 

2,305 

45 

55 

190 

389 

625 

856 

1,031 

1,127 

1,164 

1,172 

50 

38 

128 

254 

388 

497 

560 

583 

588 

588 

55 

22 

70 

131 

1S6 

220 

236 

240 

240 

240 

60 

12 

34 

58 

75 

82 

84 

84 

84 

84 

65 

5 

13 

20 

25 

26 

26 

26 

26 

26 

Total 

480 

1,68V 

3,544 

5,936 

8,676 

11,526 

14,231 

16,565 

18,342 

1905.] 


and  their  relations  to  Reserves. 


1,  o 


Expected 
Claims. 


In  finding  the  expected  claims  it  is  usual  to  make 
adjustments  for  new  entrants  and  withdrawals.  In 
the  Model  Office,  however,  that  for  new  entrants  is  not  required, 
as  all  policies  are  supposed  to  be  issued  at  the  beginning  of  the 
year;  and,  if  we  make  the  further  assumption  that  withdrawals 
take  place  at  the  end  of  the  year,  the  correction  for  these  may  be 
omitted.  Whatever  error  is  thereby  introduced  is  not  of  much 
importance;  for  the  object  of  the  table  of  expected  claims  is  a 
comparative  one,  and  the  effect  is  to  alter  all  the  figures  in  the 
same  direction  and  in  nearly  the  same  proportion.  In  the  case 
of  an  office  valuing  by  combined  tables — such  as  the  IP1  and 
IP14 — the  HM  reserves,  made  for  policies  in  the  first  quinquennium, 
will  together  with  the  IP1  pure  premiums  provide  for  claims 
according  to  that  table  during  each  year  of  the  ensuing  period, 
and  for  increased  reserves  for  policies  in  force  at  the  end  of  it. 
The  figures  giving  the  expected  claims  for  the  second 
quinquennium  are  therefore  the  same  as  the  figures  for  the 
HM  Table. 

Table  XI. 

Expected  Claims  in  ATodel  Office  according  to  various 
Tables  of  Mortality . 


Combined 

Ag 

of  Office 

OfM] 

OtXM] 

o» 

HM 

H-M 
ami 

11  M  ' 

5  years 

4.210 

5,615 

5.522 

6,141 

6,296 

6,296 

10       „ 

9,735 

12,033 

11,119 

12,077 

12,402 

12,402 

15      „ 

16,002 

L8.767 

17,183 

18,347 

18,839 

19,216 

- 

22,811 

26,063 

23,876 

25,174 

25,831 

26,523 

25       „ 

30,211 

33,967 

31,214 

32,605 

33,435 

34,398 

30       „ 

37,999 

42,269 

38,983 

40,4 10 

41,455 

42,639 

35       „ 

45,889 

50,666 

46,884 

48,384 

19,603 

50,953 

40       „ 

53,441 

58,694 

5 1, 174 

55,996 

57,440 

58,920 

-15       „ 

60,221 

65,889 

61,302 

62,834 

61.502 

66,073 

50       „ 

65,793 

71,793 

66,920 

Hs.  156 

70,326 

71,957 

Expected  Death  ^ut  ^  *s  we^  known  that  "the  actual  cost  to  the 
"  office  of  the  death  of  an  assured  life  is  not  the 
"  sum  assured,  but  the  difference  between  that  amount  and  the 
"  reserve- value  retained  to  meet  such  a  payment,  and  it  is  this 
"  balance  which  should  be  the  measure  in  any  attempt  to 
"  ascertain  the  strain  of  the  mortality  on  the  funds " 
(J. LA.,  xx,  154).  A  mere  statement  of  the  percentage  by  which 
the  actual   claims  fall  short  of  the  expected  is  not  sufficient  to 

t  2 


or 
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indicate  the  profit  from  mortality ;  for  that  depends  on  the 
incidence  of  the  claims,  as  well  as  on  their  number  and  amount; 
and,  as  was  pointed  out  by  Mr.  Higham  in  the  paper  above 
quoted,  it  is  possible  for  the  death  claims  largely  to  exceed 
or  fall  short  of  the  estimate  without  causing  loss  or  gain  to  the 
office.  In  order  to  get  this  measure  of  the  mortality  profit,  we 
require  the  expected  claims  and  their  values,  and  these  should  be 
calculated  according  to  the  valuation  rate  of  mortality ;  for, 
even  though  it  "  may  not  be  that  which  will  most  probably  be 
"  experienced,  yet  it  nevertheless  governs  the  amount  of 
"  mortality  profit,  which  is  from  time  to  time  released  and  thrown 
"  into  surplus/' 

Table  XII  gives  the  expected  death  strain  for  various 
valuation  tables  and  rates  of  interest.  Where  reserves  have  been 
made  at  the  preceding  valuation  according  to  the  combined 
0M  and  0M  '  tables,  the  figures  for  the  expected  strain  were  derived 
from  the  corresponding  figures  for  the  0M '"  table  by  the  following 
method.  Let  V  and  V  be  the  policy-reserves,  and  «  and  &>'  the 
pure  premiums,  according  to  the  0M  "  and  the  combined  Tables. 
Then  we  know  that 

V'=V+^(1-V) 

where  yfr  =  (w  —  a/)  at. . 

Hence  l-V'=(l-^r)(l-V) 

f  Expected  Strain  according!  _  ...         .  J  Expected  Strain  according! 
'    {  to  the  Combined  Tables"  J  ~{   ~Y>  \       to  the  CP"'  Table.       J 

As  in  the  case  of  the  expected  claims,  the  figures  given  for  the 
expected  strain  in  the  second  quinquennium  according  to 
the  combined  0M  and  (F ' ,  and  IP1  and  HM  Tables,  are 
the  same  as  those  for  the  0M  and  HM  Tables  respectively. 

From  the  figures  of  this  table  it  should  be  possible,  if 
a  suitable  Model  Office  be  selected,  to  estimate  the  expected 
strain  in  respect  of  original  sums  assured,  and  the  mortality  profit 
is  the  amount  by  which  this  exceeds  the  actual  strain  on  the 
funds.  There  would  of  course  be  profit  in  respect  of  bonus 
additions;  but  these  are  small  in  the  early  policy  years,  where  the 
difference  between  amount  and  reserve-value  is  greatest ;  and 
the  construction  of  similar  tables  for  bonus  additions  would 
scarcely  repay  the  great  amount  of  labour  which  would  be 
involved. 


1905.J 


and  their  relations  to  Reserves. 


277 


Table  XII. 

Expected  Death  Strain  in  Model  Office  according  to  various 
Tables  of  Mortality. 


Age 

QM 

QM 

QM 

<)» 

of  Office 

2j  per-cent 

2  J  per-cent 

3  per-cent 

Sj  per-cent 

5  years 

5,181 

5,192 

5,201 

5,219 

10       „ 

9,840 

9,875 

9,907 

9,968 

15       „ 

14,251 

14,328 

14,395 

14,525 

20       „ 

18,468 

18,590 

18,706 

18,929 

25      „ 

22,432 

22,612 

22,788 

23,121 

30       „ 

26,032 

26,278 

26,518 

26,981 

35       „ 

29,162 

29,474 

29,780 

30,373 

40       „ 

31,723 

32,097 

32,468 

33,183 

45       „ 

33,678 

34,105 

3  1,530 

35,353 

50       „ 

35,031 

35,500 

35,965 

36,871 

OM(5) 

Combined 
OM  &  oM<5> 

HM 

Combined 

HH   &   IIM(5) 

5  years 

3  per-cent 

3  per-cent 

3  per-cent 

3  per-cent 

5,809 

5,201 

5,951 

5,951 

10       „ 

10,833 

9,907 

11,111 

11,111 

15       „ 

15,507 

14,515 

15,901 

16,148 

20       „ 

19,941 

18,944 

20,422 

20,845 

25       „ 

24,111 

23,081 

2 1,657 

25,215 

30       „ 

27,909 

26,845 

28,510 

29,155 

35       „ 

31,222 

30,127 

31,870 

32,565 

40      „ 

33,9 17 

32,823 

34,638 

35,366 

45       „ 

36,038 

34,889 

36,766 

37,512 

50       „ 

37,495 

36,326 

38,254 

39,007 

Effect  of 
Selection 


It  is  common  to  see  statements  in  annual  reports  that 
the  mortality,  or  claim  experience,  lias  been  better 
than  the  expected.  Much  of  this  favourable  mortality  experience 
is  without  doubt  due  to  selection,  and  it  might  readily  happen 
that  it  would  largely  disappear  if  a  more  accurate  standard 
of  comparison  were  employed.  The  publication  of  the  select 
tables  according  to  the  new  experience  enables  us  to  measure  the 
effect  of  selection  on  estimates  of  expected  claims ;  and  in 
Table  XI  are  given  the  expected  claims  according  to  the  new 
select  tables  as  well  as  according  to  the  aggregate  tables. 

In  the  case  of  participating  policies  the  0[M1  claims  may  fairly 
be  taken  as  the  true  expected  claims ;  and  these  figures  show  that 
offices,  using  the  valuation  tables  of  the  old  experience  and 
experiencing  select  mortality,  ought  to  show  a  very  favourable 
claim  experience.  It  must  be  remembered  that  the  Model  Office 
is  one  which  has  been  doing  a  uniform  new  business  during  its 
whole  past  history  j  and  in   any  progressive  office  the  proportion 
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of  new  business  is  likely  to  be  much  larger,  and  the  claim 
experience  should  be  correspondingly  better. 

The  mortality  may  be  better  than  the  expected  for  two  reasons, 

(1)  because   the   lives    assured    are    selected   by  the    office,  and 

(2)  because  they  are  select  lives  of  a  selected  class.  It  is  shown 
elsewhere  (T.F.A.,  ii,  199)  that  an  office  working  at  a  moderate 
initial  expenditure,  experiencing  select  mortality  and  a  normal 
lapse  rate,  should  be  able  from  the  profits  accruing  from  selection 
to  write  off  its  initial  expenses  in  respect  of  participating 
assurances  within  a  limited  number  of  years.  The  figures  of 
Table  XIII,  giving  the  actual  strain  in  an  office  experiencing  OIM) 
mortality  and  basing  reserves  on  an  aggregate  table,  show 
that,  where  valuations  are  made  by  the  tables  of  the  old 
experience,  this  benefit  of  selection  lasts  for  a  longer  period  than 
ten  years.  But  where  the  0M  Table  is  used  in  valuations 
the  mortality  profit  due  to  selection  soon  begins  to  decrease,  and 
it  is  not  unlikely  that  an  office  doing  a  large  non-profit  business 
might  show  an  unfavourable  mortality  experience. 

Table  XIII. 

Actual  Death  Strain  in  Model  Office  experiencing  OlM]  Mortality, 

and  basing  Reserves  on  various  Valuation  Tables. 


Age 

OM 

0M 

OM 

0m 

of  Office 

2A  per-cent 

2|  per-cent 

3  per-cent 

3£  per-cent 

5  years 

3,939 

3,947 

3,955 

3,967 

10       „ 

8,545 

8,575 

8,608 

8,664 

15       „ 

13,124 

13,192 

13,263 

13,392 

20       „ 

17,425 

17,543 

17,663 

17,888 

25      „ 

21,434 

21,612 

21,792 

22,132 

30       „ 

25,050 

25,295 

25,539 

26,008 

35       „ 

28,179 

28,491 

28,802 

29,400 

40       „ 

30,729 

31,104 

31,480 

32,198 

45       „ 

32,672 

33,099 

33,530 

34,352 

50       „ 

34,015 

34,481 

34,955 

35,856 

QM(5) 

Combined 

Combined 

OM  &  oM<5> 

HM 

HM  &  IP"" 

5  years 

3  per-cent 

3  per-cent 

3  per-cent 

3  per-cent 

3,960 

3,955 

3,960 

3,960 

10       „ 

8,630 

8,608 

8,621 

8,621 

15       „ 

13,308 

13,249 

13,286 

13,238 

20       „ 

17,734 

17,640 

17,692 

17,602 

25      „ 

21,889 

21,762 

21,824 

21,700 

30       „ 

25,665 

25,504 

25,572 

25,422 

35       „ 

28,958 

28,766 

28,833 

28,660 

40       „ 

31,664 

31,444 

31,506 

31,316 

45       „ 

33,738 

33,493 

33,553 

33,352 

50       „ 

35,182 

34,914 

34,976 

34,769 
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Mr.  Lidstone  has  suggested  that  "trading  profits" — 
including  profits  from  surrenders  and  profit  from  non-participating 
business — should  be  set  off  against  expenses  ;  and  has  stated  that, 
if  mortality  profit  be  thrown  in,  the  balance  will  generally  be 
small.  In  support  of  this  he  shows  {J. I. A.,  xxxii,  84),  that 
average  office  premiums  for  a  whole  of  life  participating  assurance 
may  be  reproduced  by  loading  the  IItMJ  pure  premium  taken  at  an 
experience  rate  of  interest  (-!£  per-cent)  with  a  compound 
reversionary  bonus  of  30s.  per-cent ;  so  that  practically  the  effect 
is  to  return  the  whole  of  the  loading  as  well  as  all  the  surplus 
interest  in  the  shape  of  bonus. 

Taking  an  office  of  50  years'  standing,  valuing  by  IP1  and 
1IM  "  3  per-cent,  earning  4£  per-cent  interest  on  its  funds,  and 
declaring  a  compound  reversionary  bonus,  the  following  example 
shows  the  effect  of  assuming  that  all  the  HM  loading  of  his 
premiums  {J.I. A.,  xxxii,  83,  Table  A),  and  all  the  surplus 
interest  is  returned  in  the  form  of  bonus. 


Age 

at 
Entry 

Office 
Premium 

100* 

Loading 
Surplus 

Surplus 
Interest 
ou  Policy- 
Reserve 

Surplus 
Interest 
on  Bonus- 
Reserve 

Total 

Amount 
required  to 

provide 

30s.  bonus 

v.  Table  xxvii 

20 
25 
30 
35 
40 
45 
50 
55 
60 

1-950 
2-175 
2-450 
2-800 
3-225 
3-800 
4-550 
5-525 
6-900 

•523 
•550 
•570 
•607 
•636 
•686 
•749 
•800 
•913 

4,143 

13,295 

16,440 

14,500 

10,309 

6,636 

4,167 

2,128 

1,077 

2,044 
6,904 
8,763 
7,603 
5,312 
3/156 
1,849 
891 
387 

1,502 

4,713 

5,508 

4,299 

2,652 

1,348 

676 

277 

96 

7,689 

24,912 

30,711 

26,402 

18,273 

11,140 

6,692 

3,296 

1,560 

7,626 

24,738 

30,813 

26,355 

18,321 

11,064 

6,526 

3,197 

1,443 

130,675 

130,083 

With  another  scale  of  office  premiums,  calculated  on  the  basis 
explained  in  Mr.  Andras's  paper  (J.I. A.,  xxxii,  332),  it  will  be 
found  that  the  same  result  is  attained  with  an  interest  margin  of 
1  per-cent.  This  confirms,  from  the  Model  Office  point  of  view, 
the  result  of  Mr.  Lidstone's  paper,  that  the  effect  of  returning  the 
whole  of  the  H^  loading  and  all  the  surplus  interest  with  an 
interest  margin  of  about  1  per-cent  is  to  produce  bonuses 
closely  agreeing  with  those  of  the  compound  reversionary  system 
(J.I.A.y  xxxii,  91). 

Where  the  0M  table  is  used  in  valuations,  mortality  profit  is 
very  much  reduced,  but  the  loading  is  increased;  and  the 
combined  effect  of  loading  and   mortality    profit   on  the   total 
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accruing  surplus  will  probably  not  differ  much  from  that  resulting, 
from  the  use  of  the  tables  of  the  old  experience. 

In  the  discussion  which  followed  the  reading  of  Mr.  Lidstone's 
paper,  Mr.  King  considered  the  effect  of  the  adoption  of  a  lower 
rate  of  interest  on  surplus  accruing  in  respect  of  loading  and 
surplus  interest  (J.I. A.,  xxxii,  110-1),  and  the  tables  of  the 
present  paper  enable  us  to  estimate  the  effect  of  such  a  change  in 
Model  Offices  of  different  ages.  Let  us  suppose  that  a  compound 
bonus  office,  valuing  by  0M  3  per-cent  and  earning  3j  per-cent 
on  its  funds,  is  considering  the  advisability  of  a  reduction  of  its 
valuation  rate  of  interest  to  2£  per-cent.  The  effect  of  such  a 
change  will  be  to  withdraw  a  certain  amount  from  loading 
surplus,  and  to  increase  the  profit  arising  from  surplus  interest ; 
and,  in  the  early  years,  the  loss  will  be  greater  than  the 
gain,  while  later  on  the  position  will  be  reversed.  From  the 
point  of  view  of  accruing  surplus,  an  office,  which  has  been 
doing  a  large  new  business,  is  in  the  position  of  a 
Model  Office  much  younger  than  its  calendar  years;  aud 
the  following  example  shows  the  effect  of  such  a  change 
in  the  case  of  an  office  of  25  years'  and  in  one  of  50  years' 
standing — 


Age 

at 

Entry 

100(/c-k') 

25-Year  Office 

50-Year  Office 

Decrease 

in 
Loading 
Surplus 

Increase 

in 
Surpl  us 

Interest 

Decrease 

in 
Loading 
Surplus 

Increase 

in 
Surplus 

Interest 

20 
25 
30 
35 

40 
45 
50 
55 
60 
65 

•116 
121 
126 
•131 
•135 
•139 
•143 
•145 
•146 
•146 

582 

1,977 

2,478 

2,261 

1,694 

1,132 

712 

361 

169 

62 

913 

2,905 

3,609 

3,107 

2,173 

1,336 

790 

383 

171 

63 

Policy-Reserve    . . . 
Bonus-Reserve    ... 

11,428 

8,936 
3,676 

15,450 

18,389 
10,855 

Net  Increase 

1,234 

13,794 
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If  we  turn  to  Table  XXVIII,  we  see  that,  in  the  case  of  the 
office  of  50  years'  standing,  the  increase  in  the  amount  of  surplus 
required  to  maintain  the  same  rate  of  bonus  at  the  lower 
valuation  rate  of  interest  is  9783;  and  this  is  more  than  met  by 
the  net  increase  shown  above.  But,  in  the  case  of  the  younger 
office,  the  net  increase  in  surplus  arising  from  these  two  sources 
is  not  sufficient  to  provide  for  the  increase  in  the  reserve-value  of 
the  bonus;  so  that,  unless  the  deficiency  is  made  good  from 
some  other  source,  the  change  will  apparently  result  in  a 
reduction  of  the  bonus  rate  although  the  office  is  financially 
stronger  and  is  building  up  better  bonus  prospects  for  the 
future. 

In  Tables   XIV- XVII   are  given  the   net   premiums 

Net  Premiums  °   .  .         i        -»«■■■    i 

and  their  corresponding  to  the  business  in  torce  in  the   Model 

Values.  l  D 

Office,  and  these  are  arranged  according  to  age 
attained ;  as  in  that  form  they  may  be  more  useful  for  certain 
purposes,  to  which  they  may  be  applied.  Table  XVIII  gives  the 
values  of  the  sums  assured,  and,  by  deducting  from  the  figures  of 
this  table  the  reserve-values  given  in  Mr.  King's  paper,  we  get 
the  values  of  the  net  premiums.  By  comparing  the  valuation 
premiums,  arranged  according  to  present  age,  with  the  figures  of 
Tables  XIV-XVII,  it  should  be  possible  from  the  figures  of 
Table  XIX  to  estimate  their  values  on  any  given  basis  in  cases, 
where  it  is  thought  desirable  to  find  them  separately. 
Methods  of  ^n  conclusion,  I  would  indicate  briefly  the  methods 
Verification,  which  have  been  adopted  at  different  stages  of  the 
work  to  verify  results.  Following  Mr.  King,  I  used,  except  in  a 
few  cases,  four-figure  logarithms,  and  checks  similar  to  those 
employed  by  him  were  applied.  For  example,  in  the  valuation  of 
the  sums  assured  the  second  differences  of  the  values  at  four  rates 
of  interest  were  taken  out  and  placed  alongside  one  another. 
This  proved  a  most  efficient  check,  an  error  of  even  a  unit  being 
sometimes  readily  detected.  These  values,  however,  were  made 
use  of  again  and  again  in  subsequent  work,  and  as  a  further  test 
of  their  accuracy,  the  values  for  the  50-year  office  were  found  by 
Mr.  King's  method  (J. I. A.,  xx,  259),  using  the  formula 

where  R  is  the  number  of  policies  in  force.  The  aggregate 
values  brought  out  by  the  two  methods  seldom  differed  by  more 
than  one  in  100,000.  Similar  checks  were  applied  to  the  other 
tables;    but  in  a  few   cases — such  as  the  tables  of  amounts  of 
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bonus  and  of  expected  claims — the  calculations  were  made  in 
duplicate.  A  final  check  was  in  most  cases  applied  in  the 
following  way.  Taking  for  example,  the  values  of  the  bonus 
additions  by  the  0M  and  0M  Tables,  the  differences  of 
corresponding  figures  were  taken.  The  sum  of  these  added  to 
the  total  of  the  one  table  ought  to  give  the  total  of  the  other ; 
and,  by  placing  these  differences  at  four  rates  of  interest  alongside 
of  one  another,  a  check  was  applied  to  the  whole  of  the 
preceding  work.  It  is  hoped  that  with  the  steps  that  have  been 
taken  to  ensure  accuracy,  the  results  are  free  from  any  error  of 
importance  ;  and  that  the  tables  which  accompany  this  paper  will 
be  found  useful  in  enabling  an  actuary  to  estimate  the  effect 
of  a  change  of  valuation  basis  on  future  as  well  as  on  present 
surplus. 
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Table  XIV. 
Net  Premiums  corresponding  to  business  in  force  in  Model  Office. 

21    l'EK-CI.M'. 


\  „'  -. 

A       of  Office 

attained 

5  years 

10  years    15  years 

•20  years    25  years  1  30  years   35  years 

40  years 

50  years 

21-25 

0M  Mortality  Table 

484 

484         484 

484         484 

484         484 

484 

184 

484 

26-30 

1,557 

1,901 

1,901 

1,901      1,901 

1,901      1,901 

1,901 

1,901 

1,901 

31-35 

2,213 

3,430 

3,713 

3,713      3,713 

3,713      3,713 

3,713 

3,713 

3,713 

36-10 

2,287 

4,077 

5,125 

5,369      5,369 

5,369      5,369 

5,369 

5,369 

5,369 

41-15 

2,036 

3,901 

5,449 

6,375      6,589 

6,589      6,589 

0.5V.I 

6,589 

6,589 

46-5'  i 

],675 

3,325      4,936 

6,299     7,120 

7.311      7,311 

7.311 

7,311 

7.311 

."i  1   55 

1,331 

2,665      4,061 

5,454     6,644 

7,373      7,516 

7,546 

7,546 

7,546 

56-60 

914 

1,944      3,042 

4,216     5,412 

6,430     7,056 

7.213 

7,213 

7.213 

61-65 

631 

1,316      2,139 

3,1  >22     3,989 

1,982     5,819 

6,343 

6,481 

6,481 

66-70 

316 

784      1,294 

1,925      2,605 

3,360      4,134 

4,790 

5.211 

5,326 

71    75 

223        508 

S66      1,310 

1,780      2,320 

2,878 

3,361 

3,675 

76-80 

128 

294         506 

764      1,034 

1,361 

1,684 

1,982 

81-85 

63         143 

241 

356 

473 

617 

761 

86-90 

25 

51 

85 

117 

153 

197 

91  &  over 



5 

10 

17 

23 

30 

Total 

13,474 

24,050 

32,780 

39,981    45,810 

50,353    53,733 

56,105 

57,659 

58,578 

21-25 

0M5'  Mortality  Table 

518 

518         518 

518         518  i       518 

518 

518 

518 

518 

26-30 

1,628 

1,995      1,995 

1,995     1,995 ;    1,995 

1,995 

1,995 

1,995 

1,995 

31-35 

2.275 

3,547      3,849 

3,849     3,849     3,849 

3,849 

3,849 

3,849 

3,849 

36-40 

2,326 

4,166      5,262 

5,522      5,522      5,522 

5,522 

5,522 

5,522 

5,522 

41-45 

2,059 

3,955      5,547 

6,515  i    6,744     6,744 

6,744 

6,741 

6,744 

6,744 

46-50 

1,688 

3.357      t,996 

6,397      7,255      7,460 

7,460 

7,460 

7,460 

7,460 

51-55 

1,338 

2,682     4,094 

5,510      6,734     7,496 

7,681 

7,681 

7,681 

7,681 

56-60 

918 

1,954      3,061 

4,248      5,464     6,510 

7,164 

7,332 

7,332 

7,332 

61-65 

632 

1,319      2,117 

3,037     4,015      5,025 

5,886 

6,134 

6,582 

6,582 

66-70 

317 

786      1,298 

1,933 

2,618      3,381 

4,169 

4,843 

5.2Ni 

5,406 

71-75 

223         509 

869 

1,315      1,789 

2,341 

2,902 

3,398 

3.726 

76-80 

129 

295 

508         767 

1,039 

1,369 

1,698 

2,005 

81-85 

63 

144         243 

359 

477 

623 

769 

86-90 

26           52 

86 

118 

154 

198 

91  &  over 

5 

10 

17 

23 

30 

Total 

13,729 

24,502    33,405 

40,751    46,707    51,356 

54,S23 

57,261 

58,865 

59,817 

21-25 

HM  Mortality  Table 

523 

523 

523 

523         523 

523  1       523 

523 

523 

523 

26-30 

1,649 

2,021 

2,021 

2,021      2,021 

2,021      2,021 

2,021 

2,021 

2,021 

31-35 

2,313 

3,601 

3,907 

3,907      3,907 

3,907      3,907 

3,907 

3,907 

3,907 

36-10 

2,363 

4,23 1 

5,341 

5,607      5,607 

5,607      5,607 

5,607 

5,607 

5,607 

41-15 

2,0S5 

4,012 

5,630 

6,610     6,842 

6,842      6,842 

6,842 

6,842 

6,842 

46-50 

1,710 

3,400 

5,065 

6,489      7,358 

7,565 

7,565 

7,565 

7,565 

7,565 

51-55 

1,355 

2,717 

4,147 

5,587      6,831 

7,603 

7,790 

7,790 

7,790 

7,790 

56-60 

930 

1,979 

3,100 

4,302      5,538 

6,602 

7,265 

7,434 

7,434 

7,434 

61-65 

643 

1,340 

2,178 

3,079     4,069 

5,095 

5,970 

6,525 

6,675 

6,675 

66-70 

353 

800 

1,319 

1,960     2,654 

3,427 

1.227 

4,912 

5,361 

5,483 

71-75 

227 

518 

882      1,334 

1,S14 

2,373 

2,943 

3,448 

3,780 

76-80 

131 

300         516 

779 

1,054 

1,388 

1,722 

2,034 

81-85 

64 

146 

246 

363 

482 

630 

779 

86-90 

26 

53 

87 

119 

156 

201 

91  &  over 

Total 

5 

10 

18 

24 

31 

13,924 

24,851 

33,883 

41,331    47,372 

52,089 

55,604 

58,076 

59,705 

60,672 

284. 
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Table  XV. 

Net  Premiums  corresponding  to  business  in  force  in  Model  Ojjice. 

2?    PEB-CENT. 


Ages 
attained 

Aci:  of  Office 

i                                           i              i 

21-25 

5  years  1 10  years  .  L5  years   20  years   25  years  30  ye  irs  35  years   40  years  |  4.r.  years   .10  years 

0M  Mortality  Table 

464 

164        464 

464 

464 

101 

164         464 

•16  1 

464 

26-30 

1,498 

1,827      1,827 

1,827 

1,827 

1,827 

1,827 

1,827 

1,827 

1,827 

31-35 

2,139 

3,310 

3,580 

3,580 

3,580 

3.5SO 

3,580 

3,580 

3,580 

3,580 

36-40 

2,219 

3,948 

4,957 

5,190 

5,190 

5,190 

5,190      5,190 

5,190 

5,190 

41-45 

1,983 

3,792 

5,288 

6,179     6,385 

6,385 

6,385      6,385 

6,385 

6,385 

40-50 

1,638 

3,246 

4,809 

6,125 

6,915 

7,098 

7,098     7,098 

7,098 

7,098 

51-55 

1,306 

2,610 

3,970     5,322 

6,472 

7,173 

7,339     7,339 

7,339 

7,339 

56-60 

901 

1,912 

2,985 

4,128 

5,288 

6,272 

6,874      7,024 

7,024 

7,024 

61-65 

623 

1,297 

2,105 

2,968 

3,910 

4,874 

5,683      6,187 

6,319 

6,319 

66-70 

343 

776 

1,27S 

1,897 

2,561 

3,296 

4,017      4,681 

5,089 

5,197 

71-75 

221 

503 

856 

1,291 

1,751 

2,283 

2,818 

3,284 

3,586 

76-80 

127 

291 

500 

753 

1,017 

1,335 

1,649 

1,937 

81-85 

62 

142 

239 

352 

466 

607 

746 

86-90 

... 

25 

51 

84 

115 

150 

193 

91  &  over 

5 

10 

17 

23 

30 

Total 

13,114 

23,403 

31,893 

38,889 

44,550 

48.95S 

52,233 

54,526 

56,028 

56,915 

21-25 

0M<5)  Mortality  Table 

498 1       498 

498 

498 

498 

498 

498 

498 

498 

498 

26-30 

1,571,    1,924 

1,921 

1,924 

1,924 

1,924 

1,924 

1,924 

1,924 

1,924 

31-35 

2,202      3,430 

3,721 

3,721 

3,721 

3,721 

3,721 

3,721 

3,721 

3,721 

36-40 

2,259      4,040 

5,098 

5,348 

5,348 

5,348 

5,348 

5,348 

5,348 

5,348 

41-45 

2,006 

3,847 

5,388 

6,322 

6,543 

6,543 

6,543 

6,513 

6,543 

6,543 

46-50 

1,651 

3,277 

4,868 

6,224 

7,052 

7,249 

7,249 

7,249 

7,249 

7,249 

51-55 

1,314 

2,629 

4,005 

5,381 

6,565 

7,300 

7,478 

7,478 

7,478 

7,478 

56-60 

904 

1,921 

3,004 

4,160 

5,341 

6,354 

6,985 

7,147 

7,147 

7,147 

61-65 

625 

1,302 

2,115 

2,985 

3,938 

4,919 

5,752     6,280 

6,422 

6,422 

66-70 

344 

778 

1,282 

1,905 

2,575 

3,319 

4,0841    4,736 

5,163 

5,279 

71-75 

221 

503 

857 

1,295 

1,759 

2,297      2,842 

3,322 

3,639 

76-80 

127 

292 

502 

756 

1,022      1,344 

1,663 

1,960 

81-85 

62 

142 

239 

353 

46S 

610 

752 

86-90 

.,, 

25 

51 

84 

116 

151 

195 

91  &ovcr 
Total 

5 

10 

17 

23 

30 

13,374 !  23,867 

32,533 

39,679 

45,469 

49,985 

53,3  18  j  55,711 

57,262 

58,185 

21-25 

IP1  Mortality  Table 

504 

504 

504 1       504 

504 

504 

504         504 

504 

504 

26-30 

1,592 

1,950 

1,950      1,950 

1,950 

1,950 

1,950      1,950 

1,950 

1,950 

31-35 

2,240 

3,484 

3,778     3,778 

3,778 

3,778 

3,778     3,778 

3,778 

3,778 

36-40 

2,296 

4,108 

5,180     5,433 

5,433 

5,433 

5,433  1    5,433 

5,433 

5,433 

41-45 

2,033 

3,905 

5,472 

6,419 

6,642 

6,642 

6,642      6.642 

6,642 

6,642 

46-50 

1,673 

3,321 

4,939 

6,318 

7,157 

7,356 

7,3561    7,356 

7,356 

7,356 

51-55 

1,330 

2,662 

4,056 

5,455 

6,660 

7,405 

7,585!    7,585 

7,585 

7,585 

56-60 

916 

1,946 

3,043 

4,215 

5,416 

6,446 

7,086  1    7,249 

7,249 

7,249 

61-65 

635 

1,321 

2,144 

3,026 

3,991 

4,988 

5,836     6,372 

6,516 

6,516 

66-70 

350 

791 

1,302 

1,933 

2,612 

3,366 

4,143!    4,807 

5,240 

5,357 

71-75 

225 

512 

871 

1,314 

1,784 

2,329      2,883 

3,372 

3,693 

76-80 

131 

298 

511 

769 

1,038      1,364 

1,689 

1,991 

81-85 

64 

145 

243 

358 1       475 

619 

764 

86-90 

26 

52 

86 1       118 

154 

198 

91  &  over 

5 

10 1         17 

23 

30 

Total 

13,569 

24,217 

33,011 

40,264 

46,139 

50,721 

54,134   56,533 

58,110 

59,046 

1905.] 
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Table  XVI. 
Net  Premiums  corresponding  to  business  in  force  in  Model  Office. 

3    PER-CENT. 


Ages 

Age  of  Office 

attained 

5  years    10  years    15  years    20  years  1  25  years  |  30  years    35  years    40  years    45  years    50  years 

21-25 

0M  Mortality  Table 

445         445 

445 

445 

445  |       445         445 

445 

445 

445! 

26-30 

1,442      1,758 

1,758 

1,758 

1,758     1,758     1,758 

1,758 

1,758 

1,758 

31-35 

2,068     3,195 

3,455 

3,455 

3,455      3,455  j    3,455 

3,455 

3,455 

3,455 

36-40 

2,154     3,826 

4,797 

5,021 

5,021      5,021 

5,021 

5,021 

5,021 

5,021 

41-45 

1,932     3,688 

5,135 

5,993 

6,190      6,190 

6,190 

6,190 

6,190 

6,190 

46-50 

1,602     3,168 

4,686 

5,959 

6,719     6,895 

6,895 

6,895 

6,895 

6,895 

51-55 

1,282 

2,558 

3,883 

5,195 

6,307      6,982 

7,141 

7,141 

7,141 

7,141 

56-60 

887 

1,879 

2,929 

4,043 

5,169     6,120 

6,700 

6,844 

6,844 

6,841 

61-65 

615 

1,279 

2,072 

2,916 

3,834     4,770 

5,552 

6,037 

6,164 

6,16  4 

66-70 

340        768 

1,262 

1,870 

2,520     3,236 

3,965 

4,578 

4,971 

5,074 

71-75 

219 

497 

814 

1,272      1,722 

2,240 

2,759 

3,210 

3,501 

76-80 

126 

288 

494         742 

1,000 

1,310 

1,614 

1,893 

81-85 

...     1 

62 

140         235 

316 

458 

595 

731 

86-90 

... 

25 

50 

83 

114 

148 

190 

91  &  over 

... 

5 

10 

17 

22 

29 

Total 

12,767    22,783 

31,045 

37,849 

43,349 

47,626    50,801 

53,022 

54,473 

55,331 

0>K5)  Mortality  Table 

21-25 

480 

480         480 

480 

480 

480 

480        480 1       480|       480 

26-30 

1,517 

1,858      1,858 

1,858 

1,858 

1,858 

1,858  |    1,858      1,858  '    1,858 

31-35 

2,133 

3,319      3,599 

3,599 

3,599 

3,599 

3,599 

3,599 1    3,599      3,599 

36-40 

2,195 

3,920     4,942 

5,183 

5,183 

5,183 

5,183 

5,183     5,183      5,183 

41-45 

1,956 

3,745     5,237 

6,139 

6,352 

6,352 

6,352 

6,352      6,352     6,352 

46-50 

1,615 

3,201     4,747     6,060 

6,860 

7,050 

7,050 

7,050     7,050     7,050 

51-55 

1,290 

2,576     3,917 1    5,254     6,401 

7,111 

7,283 

7,283 

7,283 

7,283 

56-60 

891 

1,8901    2,949     4,076     5,224 

6,205 

6,815     6,970 

6,970 

6,970 

61-65 

617 

1,284     2,082      2,933 

3,862 

4,815 

5,622      6,133 

6,270 

6,270 

66-70 

310 

7691    1,266      1,878 

2,533 

3,258 

4,001      4,633 

5,046 

5,157 

71-75 

219 ;       498         847 

1,277 

1,730 

2,255     2,784 

3,249 

3,555 

76-80 

126         289 

495 

745 

1,005'    1,319 

1,629 

1,917 

81-85 

62 

141 

236 

3 18         460 

599 

737 

86-90 

... 

25 

50 

83         114 

148 

191 

91  &  over 

...     1       ... 

5 

10           17 

22 

29 

Total 

13,034 

23,261 1  31,701    38,658 

44,290   48,677 

51,944   54,235 

55,738 

56,631 

21-25 

HM  Mortality  Table 

486 

486 

486 

486 

486 

486 

486 

486 1       486 

486 

26-30 

1,538 

1,883 

1,883 

1,883 

1,883 

1,883 

1,883 

1,883 

1.883 

1,883 

31-35 

2,171 

3,373 

3,(356 

3,656 

3,656 

3,656 

3,656 

3,656 

3,656 

3,656 

36-40 

2,232 

3,988 

5,024 

5,268 

5,268 

5,268 

5,268 

5,268 

5,268 

5,268 

41-45 

1,982 

3,802 

5,321 

6,235 

6,451 

6,451 

6,451 

6,451 

6,451 

6,451 

46-50 

1,637 

3,244 

4,816 

6,153 

6,964 

7,156 

7,156 

7,156     7,156 

7,156 

51-55 

1,306 

2,610 

3,969 

5,329 

6,497 

7,217 

7,391 

7,391,    7,391 

7,391 

56-60 

903      1,914 

2,987 

4,130 

5,297 

6,296 

6,914 

7,071 1    7,071 

7,071 

61-65 

627      1,303 

2,111 

2,974 

3,916 

4,885 

5,706 

6,223     6,362 

6,362 

66-70 

346         782 

1,286 

1,905 

2,569 

3,304 

4,060 

4,703 

5,122 

5,235 

71-75 

223 

507 

861 

1,296 

1,756 

2,288 

2,826 

3,299 

3,609 

76-80 

128 

293 

502 

755 

1,019 

1,337 

1,652 

1,945 

81-85 

... 

63 

143 

240 

353 

467 

608 

749 

86-90 

... 

25 

51 

84 

115 

150 

193 

91  &  over 

... 

5 

10 

17 

23 

30 

Total 

13,228   23,608 

32,174 

39,236 

44,953 

49,409 

52,725 

55,050  |  56,578 

57,485 

286 
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Table  XVII. 
Net  Premiums  corresponding  to  business  in  force  in  Model  Office. 

'.]},    PKU-CENT. 


Ages 
attained 

Ai;i:  of  Office 

5  years     10  yens    15  years  j  -20  years    25  ycara   30  years   35  years    10  years   45  years    50  years 

21-25 

0M  Mortality  Table 

410 

410 

410 

410 

410 1       410         410         410 

410 

410 

26-30 

1,340 

1,631 

1,631 

1,631 

1,631  1    1,631 

1,631 

1,631 

1,631 

1,631 

31-35 

1,937 

2,985 

3,224 

3,224 

3,224      3,221 

3,221 

3,224 

3.22  1 

3.221 

36-40 

2,033 

3,599 

4,502  1    4,708 

4,708 

4,708 

4,708 

l.7".s 

4,708 

4,708 

41-45 

1,837 

3,494 

4,819     5,646 

5,828 

5,828 

5,828 

5,828 

5,828 

5,828 

46-50 

1 ,53 1 

3,023 

4,455      5,618 

6,355 

6,517 

6,517 

6,517 

6,517 

6,517 

51—55 

1,23(5 

2,457 

3,717  |    4,956 

5,998 

6,625 

6,772 

6,772 

6,772 

6,772 

56-60 

861 

1,818 

2,823     3,882 

4,945 

5,836 

6,375 

6,507 

6,507 

6,507 

61-65 

601 

1,245 

2,009 

2,817 

3,690 

4,573 

5,31  K5 

5.757      5,874 

5,874 

66-70 

333 

751 

1,231 

1,817 

2,439 

3,120 

3,808 

4,382 

4,747 

4,812 

71-75 

215 

186 

823 

1,235 

1,666 

2,159 

2,649 

3,071 

3,341 

76-SO 

124 

282 

482 

721 

968 

1,263 

1,550 

1,81] 

81-N5 

61 

138 

230 

337 

111 

574 

702 

86-90 

24 

49 

81 

111 

141 

184 

91  &  over 

5 

9 

16 

22 

28 

Total 

12,122    21,628   29,461    35,905 

41,107    45,143    48,133 

50,219    51,579 

52,379 

21-25 

0M  ""  Mortality  Table 

447 

447 

447 

447 

447 

417 

447         417 

417          117 

26-30 

1,419 

1,736 

1,736 

1,736 

1,736 

1,736 

1,736  1    1,736 

1,736 

1,736 

31-35 

2,005 

3,114 

3,375 

3,375 

3,375 

3,375 

3,375      3,375 

3,375 

3,375 

36-40 

2,075 

3,696 

4,652 

4,877 

4,877 

4,877 

4,877      4,877 

4,877 

i.N77 

41-45 

1,861 

3,553 

4,956 

5,799 

5,997 

5,997 

5,997     5,997 

5,997 

5,997 

46-50 

1,548 

3,057 

4,519 

5,753 

6,501 

6,677 

6,677     6,677 

6,677 

6,677 

51-55 

1,244 

2,477 

3,753 

5,017 

6,095 

6,759 

6,919     6,919 

6,919 

6,919 

56-60 

865 

1,828 

2,842 

3,915 

5,000 

5,922 

6,192      6,637 

6,637 

6,637 

61-65 

602 

1,249 

2,018 

2,834 

3,718 

4,619 

5,378     5,855 

5,983 

5,933 

66-70 

334 

753 

1,235 

1,825 

2,453 

3,143 

3,846      4,440 

4,826 

(.,929 

71-75 

215 

487 

826 

1,241 

1,675 

2,175  i    2,675 

3,112 

3,398 

76-80 

124 

283 

483 

721 

973      1,272 

1,565 

1,835 

81-85 

61 

138 

231 

338         4 16 

578 

709 

86-90 

25 

50 

82         111 

144 

185 

91  &  over 
Total 

5 

10          17 

22 

28 

12,400 

22,125 

30,141- 

3(5.7  is 

42,086 

46.237 

49,322    51,481 

52,895 

53.732 

21-25 

HM  .Mortality  Table 

453 

453 

453 1       453 

453 

453 

453         453 

453         453 

26-30 

1,439 

1,761 

1,761      1,761 

1,761 

1,761 

1,761      1,761 

1,761 

1,761 

31-35 

2,043 

3,168 

3,432      3,432 

3,432 

3,432 

3,432      3,432 

3,432 

3,432 

36-40 

2,113 

3,765 

4,734     4,962 

4,962 

4,962 

4,962     4,962 

4,962 

4,962 

41-45 

1,888 

3,610 

5,039 

5,895 

6,096 

6,096 

6,096 

6,096 

6,096 

6,096 

46-50 

1,569 

3,099 

4,587 

5,8 15 

6,604 

6,783 

6,783 

6,783 

6,783 

6,783 

51-55 

1,260 

2,510 

3,804 

5,091 

6,190 

6,864 

7,026 

7,026 

7,026 

7  hit, 

56-60 

877 

1,853 

2,8791    3,967 

5,072 

6,012 

6,590 

6,736 

6,736 

6,736 

61-65 

613 

1,269 

2,0  is     2,875 

3,772 

4,689 

5,462 

5,946 

6,075 

6,075 

66-70 

3  li ) 

766 

1,255     1.853 

2,490 

3,190 

3,905      4,510 

4,901 

5,i  h  i(5 

71-75 

219 

196 

839 

1,259 

1,700 

2,206      2.715 

3,161      3,451 

76-80 

126 

287 

490 

734 

987*    1,290 

1,589      1,861 

81-85 

62 

140 

234 

343 

452 

586         719 

86-90 

25 

50 

82 

112 

146         187 

91  &  over 



5 

10 

17 

23           29 

Total 

12,595 

22,473    30,614    37,322 

42,746 

46,965 

50,098   52,291 

53,730  i  54,580 
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Table  XVIII. 

Values  of  Sums  Assured  under  Policies  in  force  in  Model  Office. 


A(re 
of  Office 

2i  per-cent 

2$  per-cent 

3  per-cent 

3J  per-cent 

H«  Mortality  Table 

5  years 

282,020 

266,244 

251,696 

225,839 

10     „ 

522,546 

494,756 

469,031 

423,099 

15     „ 

739,593 

702,172 

667,428 

605,119 

20     „ 

935,612 

890,536 

848,576 

773,028 

25     „ 

1,109,735 

1,058,732 

1,011,139 

925,167 

30     „ 

1,258,986 

1,203,580 

1,151,778 

1,057,948 

35     „ 

1,380,835 

1,322,343 

1,267,582 

1,168,159 

40     „ 

1,474,468 

1,413,960 

1,357,242 

1,254,119 

45     „ 

1,541,526 

1,479,791 

1,421,883 

1,316,484 

50     „ 

1,584,658 

1,522,262 

1,463,708 

1,357,065 

5  years 

Coiubh 

ed  HM  and  HM<5'  Mortality 

Tables 

282,020 

266,244 

251,696 

225,839 

10     „ 

525,103 

497,407 

471,781 

425,988 

15     „ 

743,889 

706,644 

672,065 

610,010 

20    „ 

941,121 

896,276 

854,537 

779,335 

25     „ 

1,116,058 

1,065,327 

1,017,999 

932,452 

30     „ 

1,265,819 

1,210,720 

1,159,209 

1,065,857 

35     „ 

1,387,976 

1,329,809 

1,275,351 

1,176,449 

40     „ 

1,481,773 

1,421,603 

1,365,201 

1,262,620 

45     „ 

1,548,916 

1,487,532 

1,429,943 

1,325,101 

50     „ 

1,592,087 

1,530,047 

1,471,813 

1,365,736 

5  years 

0M  Morta 

lity  Table 

277,642 

261,701 

247,058 

221,020 

10     „ 

515,461 

487,400 

461,510 

415,263 

15     „ 

730,636 

692,866 

657,902 

595,173 

20     „ 

925,291 

879,800 

837,572 

761,510 

25     „ 

1,098,374 

1,046,901 

999,004 

912,436 

30     „ 

1,246,828 

1,190,910 

1,138,764 

1,044,272 

35     „ 

1,368,076 

1,309,043 

1,253,893 

1,153,772 

40     „ 

1,461,274 

1,400,192 

1,343,068 

1,239,200 

45     „ 

1,528,038 

1,465,714 

1,407,379 

1,301,205 

50     „ 

1,571,000 

1,508,001 

1,449,006 

1,341,575 

5  years 

0M<5»  Mort 

ility  Table 

280,115 

264,322 

249,717 

223,822 

10     „ 

519,183 

491,330 

465,517 

419,490 

15     „ 

735,059 

697,538 

662,663 

600,211 

20     „ 

930,119 

884,899 

842,776 

767,023 

25     „ 

1,103,435 

1,052,245 

1,004,461 

918,226 

30     „ 

1,252,014 

1,196,382 

1,144,357 

1,050,212 

35     „ 

1,373,318 

1,314,580 

1,259,556 

1,159,778 

40     „ 

1,466,537 

1,405,755 

1,348,754 

1,245,234 

45     „ 

1,533,309 

1,471,283 

1,413,072 

1,307,246 

50     „ 

1,576,272 

1,513,572 

1,454,700 

1,347,618 
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Table  XIX. 

Value  of  Net  Premiums  corresponding  to  business  in  force  in 
Model  Office. 


of  dilico 

2.V  per-cent     | 

2}  per-cent           3  per-cent 

3J  per-cent 

HM  Mortality  Table 

5  years 

256,042 

241,193 

227,530 

203,336 

10     „ 

438,844 

413,849 

390,808 

349,941 

15     „ 

575,537 

543,239 

513,440 

460,489 

20    „ 

676,847 

639,339 

604,706 

543,068 

25     „ 

750,010 

708,872 

670,857 

603,132 

30     „ 

800,622 

757,054 

716,771 

6 1 1 ,953 

35     „ 

833,691 

788,595 

746,874 

672,437 

40    „ 

853,915 

807,903 

765,321 

689,341 

45     „ 

865,393 

818,874 

775,822 

698,976 

50     „ 

871,214 

821,142 

781,173 

703. ssi) 

5  years 

Combined  IP1  and  HM<6>  Mortality 

Table 

256,042 

241,193 

227,530 

203,336 

10     „ 

436,529 

411,706 

388,830 

348,236 

15     „ 

571,666 

539,660 

510,116 

457,622 

20     „ 

671,925 

63 1,783 

600,475 

539,410 

25     „ 

744,387 

703,664 

666,010 

598,945 

30     „ 

794,563 

751,419 

711,550 

640,436 

35     „ 

827,396 

782,762 

741,431 

667,738 

40     „ 

847,483 

801,951 

759,768 

684,530 

45     „ 

858,893 

812,868 

770,200 

694,115 

50     „ 

864,678 

818,406 

775,500 

698,990 

5  years 

0M  Mortality  Table 

250,888 

235,893 

222,140 

197,809 

10     „ 

129,651 

404,426 

381,232 

340,142 

15     „ 

563,091 

530,508 

500,505 

447,271 

20     „ 

661,872 

624,022 

589,137 

527,166 

25     „ 

733,128 

691,612 

653,311 

585,189 

30     „ 

782,379 

738,406 

697,791 

625,533 

35     „ 

814,551 

769,010 

726,924 

652,029 

40     „ 

834,200 

787,720 

744,762 

668,282 

45     „ 

845,335 

79S,337 

754,883 

677,524 

50     „ 

850,965 

803,712 

760,007 

682,213 

5  years 

0M(5)  Mortality  Table 

254,338 

239,591 

225,763 

201,543 

10     „ 

436,045 

411,010 

387,869 

346,917 

15     „ 

571,987 

539,633 

509,686 

456,600 

20     „ 

672,826 

635,230 

600,426 

538,598 

25     „ 

745,732 

701,481 

666,273 

598,302 

30     „ 

796,244 

752,546 

712,042 

639,941 

35     „ 

829,323 

784,085 

742,114 

667,373 

40     „ 

849,600 

803,437 

760,594 

684,280 

45     „ 

861,134 

814,457 

771,125 

693,941 

50     „ 

866,993 

820,057 

776,478 

698,868 

5  years 

Combined  C 

Jl  and  0M<3>  (throughout)  Mor 

:ality  Tables 

248,886 

234,127 

220,469 

196,395 

10     „ 

426,642 

401,748 

378,716 

337,995 

15     „ 

559,516 

527,334 

497,516 

444,710 

20     „ 

657,965 

620,558 

585,890 

524,367 

25     „ 

729,040 

687,985 

649,916 

582,256 

30     „ 

778,192 

734,689 

694,323 

622,530 

35     „ 

810,310 

765,263 

723,425 

648,987 

40     „ 

829,942 

783,964 

741,250 

665,229 

45     „ 

841,070 

794,573 

751,368 

674,469 

50     „ 

846,700 

799,941 

756,486 

679,156 
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Table  XX. 

Reserves  for  Existing  Bonus  in  Model  Office. 

Simple  Bonus  Office. 


2?r  per-cent 

2|  per-cent 

3  per-cent 

3$  per-cent 

Age 
of  Office 

HM  Mortality  Table 

10  years 

10,637 

10,114 

9,629 

8,753 

15     „ 

36,557 

34,889 

33,337 

30,512 

20     „ 

74,652 

71,504 

68,557 

63,165 

25     „ 

121,527 

116,791 

112,328 

104,139 

30    „ 

172,861 

166,613 

160,708 

149,823 

35     „ 

223,865 

216,327 

209,186 

195,964 

40    „ 

270,046 

261,514 

253,410 

238,368 

45     „ 

308,113 

298,887 

290,111 

273,777 

50    „ 

335,798 

326,151 

316,958 

299,830 

10  years 

HM<5>  Mortality  Table 

10,746 

10,228 

9,748 

8,872 

15    „ 

36,872 

35,221 

33,676 

30,869 

20     „ 

75,201 

72,079 

69,150 

63,796 

25     „ 

122,296 

117,592 

113,163 

105,030 

30     „ 

173,804 

167,602 

161,738 

150,928 

35     „ 

224,936 

217,453 

210,359 

197,229 

40     „ 

271,195 

262,726 

254,678 

239,737 

45     „ 

309,312 

300,157 

291,438 

275,214 

50     „ 

337,021 

327,448 

318,315 

301,301 

10  years 

CP[  Mortality  Table 

10,523 

9,996 

9,503 

8,625 

15    „ 

36,222 

34,541 

32,972 

30,136 

20    „ 

74,054 

70,879 

67,906 

62,489 

25    „ 

120,649 

115,870 

111,373 

103,138 

30    „ 

171,707 

165,405 

159,448 

148,497 

35    „ 

222,460 

214,857 

207,645 

194,346 

40     „ 

268,427 

259,816 

251,631 

236,488 

45    „ 

306,328 

297,013 

288,143 

271,693 

50    „ 

333,906 

324,158 

314,866 

297,608 

10  years 

0M<5)  Mortality  Table 

10,576 

10,050 

9,560 

8,683 

15    „ 

36,356 

34,681 

33,117 

30,289 

20     „ 

74,264 

71,102 

68,136 

62,731 

25     „ 

120,925 

116,155 

111,672 

103,452 

30    „ 

172,027 

165,735 

159,795 

148,863 

35     „ 

222,801 

215,211 

208,020 

194,736 

40    „ 

268,781 

260,183 

252,017 

236,891 

45     „ 

306,688 

297,384 

288,533 

272,101 

50    „ 

334,266 

324,530 

315,258 

298,018 
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2i  per-cent 

2}  per-cent 

3  per-uent 

3J  pcr-ccnt 

Age 

of  Ollico 

HM  Mortality  Table 

10  years 

10,637 

10,114 

9,629 

8,753 

15     „ 

37,281 

35,584 

34,000 

31,124 

20     „ 

77,827 

74,562 

71,486 

65,885 

25     „ 

129,578 

124,558 

119,812 

111,127 

30     „ 

188,407 

181,660 

175,258 

163,473 

35     „ 

249,111 

240,834 

232,961 

218,396 

40     „ 

306,233 

296,729 

287,662 

270,850 

45     „ 

355,181 

344,784 

334,853 

316,380 

50     „ 

392,198 

381,238 

370,754 

351,216 

10  years 

HM'5»  Mortality  Table 

10,746 

10,228 

9,748 

8,872 

15     „ 

37,599 

35,915 

34,313 

31,484 

20     „ 

78,401 

75,150 

72,104 

66,537 

25     „ 

130,395 

125,399 

120,699 

112,063 

30    „ 

189,425 

182,715 

176,366 

164,661 

35     „ 

250,291 

242,047 

234,241 

219,774 

40     „ 

307,519 

298,048 

289,062 

272,351 

45     „ 

356,538 

316,178 

336,325 

317,966 

50     „ 

393,593 

382,669 

372,263 

352,844 

10  years 

O51  Mortality  Table 

10,523 

9,996 

9,503 

8,625 

15     „ 

36,946 

35,228 

33,625 

30,739 

20     „ 

77,221 

73,914 

70,808 

65,180 

25     „ 

128,662 

123,589 

118,803 

110,059 

30     „ 

187,177 

180,362 

173,908 

162,046 

35     „ 

247,582 

239,215 

231,279 

216,619 

40     „ 

304,441 

294,822 

285,683 

268,745 

45     „ 

353,178 

342,657 

332,639 

314,018 

50     „ 

390,050 

378,956 

368,371 

348,669 

10  years 

OM<3)  Mortality  Table 

10,576 

10,050 

9,560 

8,683 

15     „ 

37,077 

35,370 

33,776 

30,895 

20     „ 

77,432 

74,144 

71,051 

65,433 

25     „ 

128,941 

123,891 

119,119 

110,393 

30    „ 

187,506 

180,711 

174,276 

162,440 

35     „ 

247,941 

239,595 

231,681 

217,043 

40     „ 

304,812 

295,215 

286,100 

269,187 

45     „ 

353,554 

343,054 

333,058 

314,463 

50    „ 

390,426 

379,354 

368,791 

349,117 

1905.] 
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Table  XXII. 
Reserves  for  New  Bonus  in  Model  Office. 
Simple  Bonus  Office. 


HM 


Central 
Age  at 
Entry 

Age  of  Office 

5  years    10  years  j  15  years  20  years   25  years  j  30  years  ]  35  years    40  years 

45  years 

50  years 

20 

HM  Mortality  Table — Interest  2\  per-cent 

583 

1,375 

2,079 

2,735 

3,360 

3,964     4,555        5,130 

5,673 

6,141 

25 

1,793 

4,412 

6,854 

9,188 

11,429 

13,577    15,560     17,336 

18,860 

20.052 

30 

2,388 

5,967 

9,319 

12,513 

15,523 

18,293    20,729     22,754 

24,327 

25,341 

35 

2,282 

5,723 

8,912 

11,948 

14,723 

17,188   19,228     20,761 

21,697 

22,128 

40 

1,859 

4,646 

7,190 

9,491 

11,519 

13,199    14,481      15,280 

15,646 

15,762 

45 

1,378 

3,406 

5,203 

6,748 

8,011 

8,932!    9,483       9,729 

9,807 

9,822 

50 

970 

2,356 

3,541 

4,506 

5,221 

5,655      5,855       5,912 

5,923 

5,923 

55 

579 

1,377 

2,009 

2,475 

2,763 

2,901  !    2,949       2,960 

2,960 

2,960 

60 

336 

767 

1,063 

1,243 

1,333 

1,363      1,369        1,369 

1,369 

1,369 

65 

153 

333 

441 

496 

519 

524         524           524 

524 

524 

Total 

12,321 

30,362 

46,641 

61,343  !  74,401 

85,596   94,733    101,755 

106,786 

110,022 

20 

HM  Mortality  Table — Interest  2J  per-cent 

539      1,274 

1,932 

2,550 

3,144 

3,720 

4,287 ,      4,843 

5,371 

5,828 

25 

1,668 

4,118 

6,417 

8,629 

10,768 

12,831 

14,749      16,477 

17,968 

19,139 

30 

2,235 

5,604 

8,781 

11,829 

14,721 

17,400 

19,770 

21,752 

23,298 

24,298 

35 

2,150 

5,411 

8,483 

11,370 

14,054 

16,452 

18,447 

19,953 

20,877 

21,305 

40 

1,763 

4,422 

6,867 

9,092 

11,064 

12,708 

13,970 

14,759 

15,120 

15,234 

45 

1,317 

3,265 

5,002 

6,505 

7,740 

8,646 

9,189 

9,433 

9,510 

9,525 

50 

933 

2,274 

3,427 

4,371 

5,074 

5,502 

5,700 

5,755 

5,766 

5,766 

55 

560 

1,335 

1,952 

2,411 

2,696 

2,833 

2,881 

2,891 

2,891 

2,891 

60 

327 

748 

1,039 

1,216 

1,305 

1,335 

1,341 

1,341 

1,341 

1,341 

65 

149 

326 

433 

487 

510 

514 

514 

514 

514 

514 

Total 

11,641 

28,777 

44,333 

58,460 

71,076 

81,941 

90,848 

97,718 

102,656 

105,841 

20 

HM  Mortality  Table — Interest  3  per-cent 

500 

1,185 

1,802 

2,384 

2,947 

3,497 

4,043 

4,581 

5,094 

5,541 

25 

1,554 

3,819 

6,016 

8,115 

10,158 

12,141 

13,996 

15,677 

17,136 

18,288 

l     30 

2,095 

5,271 

8,286 

11,197 

13,978 

16,569    18,876 

20,814 

22,333 

23,320 

35 

2,028 

5,121 

8,055 

10,830 

13,426 

15,760  i  17,712 

19,192 

20,104 

20,527 

40 

1,674 

4,213 

6,563     8,716 

10,636 

12,244 

13,483 

14,261 

14,618 

14,731 

45 

1,258 

3,131 

4,811     6,274 

7,483 

8,373 

8,908 

9,149 

9,226 

9,241 

50 

897 

2,194 

3,316 

4,240 

4,931 

5,353 

5,549 

5,605 

5,616 

5,616 

55 

543 

1,298 

1,902 

2,353 

2,634 

2,769 

2,817 

2,827 

2,827 

2,827 

60 

318 

730 

1,015 

1,190 

1,278 

1,308 

1,314 

1,314 

1,314 

1,314 

i    65 

146 

320 

425 

479 

501 

505 

505 

505 

505 

505 

Total 

11,013  |  27,312 

42,191 

55,778 

67,972   78,519   87,203 

93,925 

98,773 

101,910 

20 

HM  Mortality  Table — Interest  Bk  per-cent 

432 

1,029 

1,572     2,091 

2,599     3,103  j    8,608 

4,112 

4,599 

5,028 

25 

1,357 

3,380 

5,312!    7,207 

9,074    10,910    12,649 

14,243 

15,641 

16,754 

30 

1,850 

4,682 

7,403    10,065 

12,639    15,068    17,255 

19,112 

20,582 

21,513 

35 

1,812 

4,605 

7,288 

9,858 

12,291    14,503    16,372 

17,803 

18,691 

19,105 

40 

1,514 

3,836 

6,011 

8,028 

9,848 

11,388    12,586 

13,344 

13,695 

13,806 

!  45 

1,152 

2,886 

4,461 

5,847 

7,004 

7,865     8,387 

8,624 

8,699 

8,714 

50 

832 

2,047 

3,111 

3,996 

4,664 

5,075      5,267 

5,322 

5,332 

5,332 

55 

509 

1,225 

1,804 

2,240 

2,513 

2,645     2,691 

2,701 

2,701 

2,701 

60 

302 

697 

973 

1,144 

1,231 

1,259  1    1,264 

1,264 

1,264 

1,264 

65 

138 

306 

409 

462 

484 

489 !       489 

489 

489 

489 

Total 

1    9,898 

24,693 

38,344 

50,938 

62,347    72,305    80,568 

87,014 

91,693 

94,736 

u  2 
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Table  XXIII. 

Reserves  for  New  Bonus  in  Model  Office. 

Simple  Bo>*us  Office. 


JJM(5) 


Central 

Age  of  Office 

Entry 

5  years    10  years   15  years   20  years  25  years   30  years  ,  35  years    40  years 

4o  years 

50  years 

20 

QM(5)  Mortality  Table— Interest  2.V  per-cent 

609 

1,421      2,137 

2,802  1    3,435 

4,044 

4,638 

5,215 

5,759 

6,227 

25 

1,837 

4,502 

6,976 

9,333    11,592 

13,752 

15,743 

17,523 

19,050 

20,243 

30 

2,427 

6,053 

9,439 

12,659    15,687 

18,468 

20,911 

22,940 

24,515 

25,529 

35 

2  310 

5,785 

9,031 

12,054 

14,840 

17,311 

19,354 

20,888 

21,825 

22,257 

40 

1,876 

4,685 

7,244 

9,554 

11,587 

13,270 

14,554 

15,354 

15,720 

15,835 

45 

1,389 

3,429 

5,232 

6,781 

8,046 

8,968 

9,519 

9,765 

9,843 

9,858 

50 

975 

2,367 

3,555 

4,521 

5,237 

5,671 

5,871 

5,928 

5,938 

5,938 

55 

581 

1,381 

2,013 

2,481 

2,769 

2,907 

2,956 

2,967 

2,967 

2,967 

60 

336 

768 

1,064 

1,244 

1,334 

1,364 

1,370 

1,370 

1,370 

1,370 

65 

153 

334 

442 

497 

520 

525 

525 

525 

525 

525 
110,749 

Total 

12,493    30,725    47,133    61,926 

75,047 

86,280 

95,441 

102,475 

107,512 

20 

HM<5'  Mortality  Table— Interest  2J  per-cent 

566 1    1,323      1,994     2,621 

3,221 

3,803  !    4,374 

4,932 

5,461 

5,919 

25 

1,713  1    4,210  j    6,543 

8,779 

10,936 

13,012    14,938 

16,671 

18,165 

19,338 

30 

2,277  |    5,695 

8,907 

11,982 

14,892 

17,581  |  19,958 

21,943 

23,491 

24,492 

35 

2,180     5,477 

8,577 

11,483 

14,178 

16,583  1 18,582 

20,090 

21,014 

21,441 

40 

1,782     4,465 

6,925 

9,160 

11,138 

12,785  ,  14,048 

14,837 

15,199 

15,313 

45 

1,328      3,289 

5,033 

6,540 

7,777 

8,683|    9,227 

9,471 

9,548 

9,563 

50 

939      2,285 

3,441 

4,386 

5,090 

5,518     5,716 

5,773 

5,784 

5,784 

55 

562 

1,340 

1,958 

2,418 

2,703 

2,840 

2,888 

2,898 

2,898 

2,898 

60 

327 

749 

1,040 

1,217 

1,306 

1,336 

1,342 

1,342 

1,342 

1,342 

65 

149 

326 

434 

488 

511 

515 

515 

515 

515 

515 

Total 

11,823  '  29,159  !  44,852 

59,074 

71,752   82,656 

91,588 

98,472 

103,417 

106,605 

20 

HMI5J  Mortality  Table— Interest  3  per-eent 

527      1,234      1,864 

2,455      3,025  \    3.5SL  ,    4,130 

4,670 

5,185 

5,634 

25 

1,601      3,944 

6,146 

8,270 

10,332  ,  12,329 

14,192 

15,878 

17,339 

18,492 

30 

2,139 

5,365 

8,416 

11,356 

14,155    16,758 

19,072 

21,014 

22,536 

23,523 

35 

2,059 

5,190 

8,153 

10,948 

13,556    15,897 

17,853 

19,335 

20,247 

20,670 

40 

1,694 

4,259     6,626 

8,789 

10,715 

12,326 

13,567 

14,346 

14,704 

14,818 

45 

1,271 

3,158     4,846 

6,313 

7,523 

8,414 

8,951 

9,193 

9,269 

9,284 

50 

903 

2,206      3,331 

4,256 

4,948 

5,371 

5,567 

5,623 

5,634 

5,634 

55 

545 

1,302      1,907 

2,359 

2,640 

2,775 

2,823 

2,833 

2,833 

2,833 

60 

319 

731      1,017 

1,192 

1,280 

1,310 

1,316 

1,316 

1,316 

1,316 

65 

146 

320         426 

480 

502 

506 

506 

506 

506 

506 

Total 

11,204 '  27,709    42,732 

56,418 

68,676 

79,267   87,977 

94,714 

99,569 

102,710 

20 

HM<5)  Mortality  Table— Interest  3£  per-cent 

460 

1,080  1    1,637 

2,166 

2,682 

3,190  j    3,700 

4,207 

4,696 

5,125 

25 

1,404 

3,477  1    5,445 

7,366 

9,255 

11,106    12,854 

14,454 

15,855 

16,970 

30 

1,894 

4,779 

7,538 

10,230 

12,825 

15,267    17,463 

19,323 

20,795 

21,757 

35 

1,844 

4,676 

7,390 

9,981 

12,427 

14,647    16,521  |    17,955 

18,843 

19,257 

40 

1,534 

3,883 

6,077 

8,105 

9,932 

11,476 

12,676 

13,435 

13,786 

13,897 

45 

1,165 

2,913 

4,497 

5,889 

7,049 

7,910 

8,433 

8,670 

8,745 

8,760 

50 

839 

2,061 

3,129 

4,015 

4,684 

5,095 

5,287 

5,342 

5,352 

5,352 

55 

512 

1,230 

1,809 

2,246 

2,520 

2,652 

2,700 

2,710 

2,710 

2,710 

60 

303 

698 

975 

1,146 

1,233 

1,261 

1,266 

1,266 

1,266 

1,266 

65 

139 

308 

411 

464 

486 

491 

491 

491 

491 

491 
95,585 

Total 

10,094 

25,105 

3S,90S 

51,608 

63,093 

73,095  |  81,391 

87,853 

92,539 

1905.] 
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Table  XXIV. 

Reserves  for  Neio  Bonus  in  Model  Office. 

Simple  Bonts  Office. 


QM 


Central 
Aj,'e  at 
Eutry 

Age  of  Office 

5  years    10  years  !  15  years    20  years    25  years   30  years   35  years    40  years 

45  years 

50  years 

0M  Mortality  Table  — Interest  2\  per-cent 

20 

561 

1,330  j    2,020     2,667      3,287 

3,887      4,475        5,046 

5,586 

6,051 

25 

1,745 

4,313      6,722      9,034    11,257 

13,391  1  15,363 

17,130 

18,648 

19,833 

30 

2,343 

5,874     9,194    12,363    15,355 

18,109  j  20,533 

22,549 

24,113 

25,123 

35 

2,253 

5,661      8,856    11,843    14,603 

17,055    19,086 

20,610 

21,543 

21,974 

40 

1,841 

4,605 

7,134     9,422    11,440 

13,113    14,389 

15,186 

15,550 

15,665 

45 

1,368 

3,384 

5,170     6,707     7,964 

8,880 

9,429 

9,675 

9,753 

9,768 

50 

964 

2,343 

3,522      4,482      5,193 

5,625 

5,825 

5,882 

5,892 

5,892 

55 

575 

1,368 

1,996 

2,461 

2,749 

2,887 

2,935 

2,945 

2,945 

2,945 

60 

334 

763 

1,057 

1,236 

1,326 

1,356 

1,362 

1,362 

1,362 

1,362 

65 

152 

332 

440         495         517 

522 

522 

522 

522 

522 

Total 

12,136 

29,973   46,111    60,710   73,691 

84,825    93,919 

100,907 

105,914 

109,135 

0M  Mortality  Table — Interest  2J  per-cent 

20 

517      1,230 

1,874     2,483      3,070      3,642 

4,206 

4,759 

5,284 

5,739  | 

25 

1,619      4,016 

6,281  [    8,470    10,591    12,640 

14,546 

16,264 

17,748 

i    18,912 

30 

2,189      5,509 

8,653    11,675    14,548    17,210 

19,568 

21,540 

23,077 

1    24,073 

35 

2,120 

5,346 

8,392   11,260  i  13,927   16,312 

18,298 

19,795 

20,715 

j    21,141 

40 

1,715 

4,382 

6,810     9,021 

10,983    12,618 

13,872 

14,658 

15,019 

!    15,133 

45 

1,306 

3,241 

4,967     6,461 

7,690     8,590 

9,131 

9,374 

9,451 

9,466 

50 

927 

2,259 

3,405      4,344 

5,043 

5,469 

5,667 

5,724 

5,734 

5,734 

55 

557 

1,328 

1,942 

2,398 

2,682 

2,818 

2,866 

2,877 

2,877 

2,877 

60 

325 

745 

1,034 

1,211 

1,300 

1,330 

1,336 

1,336 

1,336 

1,336 

65 

148 

325 

432 

486         509         514 

514 

514 

514 

514 

Total 

11.453    28,381 

43,790   57,809    70,343    81,143 

90,004  I    96,841 

101,755 

104,925 

0JI  Mortality  Table— Interest  3  per-cent 

20 

477 

1,139      1,741 

2,314     2,871  1    3,417  ,    3,959 

4,493 

5,003 

5,418 

25 

1,504 

3,745      5,877 

7,952     9,976  ,  11,945   13,788 

15,459 

16,911 

18,055 

30 

2,048 

5,173      8,153 

11,038   13,798   16,372   18,665 

20,593 

22,103 

23,085 

35 

1,998 

5,056     7,963 

10,719   13,299   15,618   17,560 

19,031 

19,938 

20,360 

40 

1,656 

4,172      6,505 

8,644    10,552    12,151    13,382 

14,157 

14,514 

14,628 

45 

1,248 

3,108 

4,777 

6,231 

7,433  1    8,318  1    8,852 

9,093 

9,169 

9,184 

50 

891 

2,179 

3,295 

4,213 

4,900     5,320     5,516 

5,572 

5,582 

5,582 

55 

539 

1,289 

1,890 

2,338 

2,617  |    2,752 

2,800 

2,811 

2,811 

2,811 

60 

316 

726 

1,010 

1,184 

1,272 

1,302 

1,308 

1,308 

1,308 

1,308 

65 

145 

319         424 

478 

500 

505 

505 

505 

505 

505 

Total 

10,822 

26,906    41,635 

55,111    67,218 

77,700 

86,335 

93,022 

97,844 

100,966 

0M  Mortality  Table — Interest  3^  per-cent 

20 

408 

981      1,509 

2,019 

2,520 

3,018 

3,519 

4,020  ' 

4,503 

4,929 

25 

1,305 

3,272 

5,168 

7,037 

8,885 

10,706 

12,432 

14,016 

15,405 

16,510 

30 

1,800 

4,578 

7,263 

9,897 

12,450 

14,861 

17,033 

18,879 

20,338 

21,295  j 

35 

1,779 

4,535 

7,190 

9,739 

12,154 

14,351 

16,210  i 

17,631 

18,514 

18,927  1 

40 

1,494 

3,791 

5,948 

7,950 

9,758 

11,289 

12,479  i 

13,233 

13,583 

13,694 

45 

1,140 

2,860 

4,423 

5,800, 

6,950 

7,805 

8,324 

8,560 

8,635 

8,650 

50 

825 

2,031 

3,087 

3,966 

4,629 

5,038 

5,230  | 

5,285  j 

5,295 

5,295 

55 

505 

1,216 

1,791 

2,224 ; 

2,496 

2,628 

2,676 

2,687  ! 

2,687 

2,687 

60 

300 

693 

967 

1,137 

1,223 

1,252 

1,257 

1,257  , 

1,257 

1,257 

65 

139 

307 

409 

462 

484 

488 

488 

488 

488 

488 
93,732 

Total 

9,695 

24,264 !  37,755 

50,231 

61,549 

71,436  l 

79,648  i 

86,056 

90,705 
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Bonuses  in  Model  Office  Valuations 


[July 


JJM15I 


Table  XXVII. 

Reserves  for  New  Bonus  in  Model  Office. 

Compound  Bonus  Office. 


M(5) 


Central 
Age  at 
Entry 

Age  of  Office 

5  years    10  years   15  years ,  20  years   25  years    30  years     35  years     40  years     45  years     50  years 

20 

HM<6'  Mortality  Table — Interest  2\  per-cent 

609 

1,457 

2,261 

3,063 

3,884 

4,734 

5,625 

6,556 

7,498 

8,369 

25 

1,837 

4,620 

7,398 

10,244 

13,176 

16,189 

19,174 

22,043 

24,688 

26,908 

30 

2,427 

6,213 

10,015 

13,902 

17,831 

21,709 

25,371 

28,640 

31,365 

33,249 

35 

2,310 

5,910 

9,585 

13,234 

16,849 

20,295 

23,357 

25,826 

27,445 

28,2 15 

40 

1,876 

4,810 

7,68  4 

10,471 

13,108 

15,454 

17,377 

18,663 

19,293 

19,506 

45 

1,389 

3,519 

5,543 

7,412 

9,051 

10,335 

11,159 

11,555 

11,688 

11,717 

50 

975 

2,428 

3,762 

4,927 

5,854 

6,457 

6,756 

6,846 

6,864 

6,864 

55 

581 

1,415 

2,124 

2,688 

3,061 

3,253 

3,326 

3,344 

3,344 

3,344 

GO 

336 

786 

1,118 

1,334 

1,451 

1,493 

1,501 

1,501 

1,501 

1,501 

65 

Total 

153 

342 

463 

529 

559 

565 

565 

114,211 

565 
125,539 

565 
134,251 

565 

12,493 

31,530 

49,953 

67,804 

84,824 

100,484 

140,268 

20 

HW5)  Mortality  Table— Interest  2%  per-cent 

566 

1,356 

2,109 

2,865 

3,644 

4,456 

5,313 

6,213 

7,130 

7,983 

25 

1,713 

4,321 

6,940 

9,640 

12,410 

15,337 

18,225 

21,018 

23,606 

25,788 

30 

2,277 

5,847 

9,454 

13,167 

16,944 

20,695 

24,259 

27,456 

30,135 

31,993 

35 

2,180 

5,624 

9,105 

12,613 

16,110 

19,462 

22,457 

24,885 

26,482 

27,274 

40 

1,782 

4,584 

7,347 

10,043 

12,609 

14,904 

16,794 

18,063 

18,687 

18,898 

45 

1,328 

3,376 

5,333 

7,151 

8,755 

10,018 

10,831 

11,222 

11,354 

11,382 

50 

939 

2,:?  14 

3,642 

4,782 

5,694 

6,289 

6,585 

6,675 

6,693 

6,693 

55 

562 

1,374 

2,067 

2,621 

2,990 

3,180 

3,252 

3,270 

3,270 

3,270 

60 

327 

767 

1,093 

1,306 

1,421 

1,462 

1,470 

1,470 

1,470 

1,470 

65 

149 

334 

454 

520 

549 

555 

555 

555 

555 

555 

Total 

11,823 

29,927 

47,544 

64,708 

81,156 

96,358 

109,741 

120,827 

129,382 

135,306 

20 

HMO)  Mortality  Table— Interest  3  per-cent 

527 

1,265      1,974 

2,6S8 

3,427 

4,203 

5,028 

5,900 

6,792 

7.6211 

25 

1,601 

1,049 

6,521 

9,081 

11,763 

14,550 

17,344 

20,062 

22,593 

24,738 

30 

2,139 

5,509 

8,935 

12,484 

16,117 

19,747 

23,216 

26,345 

28,979 

30,813 

35 

2,059 

5,329 

8,656 

12,030 

15,414 

18,678 

21,609 

23,995 

25,572 

26,355 

40 

1,694 

4,373 

7,030 

9,640 

12,138 

14,383 

16,241 

17,493 

18,111 

18,321 

45 

1,271 

3,241 

5,136 

6,906 

8,475 

9,715 

10,517 

10,904 

11,036 

11,064 

50 

903 

2,263 

3,526 

4,612 

5,537 

6,125 

6,418 

6,508 

6,526 

6,526 

55 

545 

1,335 

2,013 

2,557 

2,920 

3,108 

3,180 

3,197 

3,197 

3,197 

60 

319 

749 

1,070 

1,280 

1,394 

1,435 

1,443 

1,443 

1,443 

1,443 

65 

146 

11,201 

328 

446 

510 

539 

545 

545 

545 
116,392 

545 

545 

Total 

28,441 

45,307 

61,818 

77,724 

92,489 

105,541 

124,794 

130,628 

20 

H.M15)  Mortality  Table— Interest  3£  per-cent 

460 

1,107 

1,732 

2,371 

3,040 

3,751 

4,515 

5,333 

6,180 

6,980 

25 

1,404 

3,570 

5,781 

8,101 

10,553 

13,136 

15,758 

18,337 

20,763 

22,838 

30 

1,894 

4,907 

8,006 

11,257 

14,625 

18,031 

21,322 

24,319 

26,866 

28,653 

35 

1,844 

4,802 

7,850 

10,978 

14,153 

17,249 

20,057 

22,365 

23,901 

24,669 

40 

1,534 

3,987 

6,450 

8,898 

11,268 

13,419 

15,216 

16,436 

17,040 

17,217 

45 

1,165 

2,991 

4,768 

6,448 

7,954 

9,153 

9,934 

10,314 

10,443 

10,471 

50 

839 

2,115 

3,312 

4,381 

5,248 

5,821 

6,107 

6,195 

6,213 

6,213 

55 

512 

1,262 

1,912 

2,439 

2,793 

2,977 

3,048 

3,065 

3,065 

3,065 

60 

303 

715 

1,025 

1,230 

1,341 

1,381 

1,389 

1,389 

1,389 

1,389 

65 

139 

315 

430 

493 

522 

528 

528 

528 

528 

528 

Total 

10,094 

25,771 

41,266 

56,596 

71,497 

85,446 

97,874 

108,281 

116,388 

122,053 

1905.] 
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Table  XXVIII. 

Reserves  for  New  Bonus  in  Model  Office. 

Compound  Bonus  Office. 


Central 

Age  of  Office 

Entry 

5  years    10  years   15  years  j  20  years   25  years  30  years    35  years  '  40  years 

45  years 

oO  years 

O51  Mortality  Table — Interest  2^  per-cent 

20 

561      1,364     2,1 3S 

2,919 

3.724 

4,560        5.141        6,363 

:  -  « 

8,164 

23 

1.745      4.11'T 

7,133 

9.924 

12,810 

15,787      18,744     21,591 

2  4.219 

26,424 

30 

2,343      6,030 

9,759 

17.467 

21,309     24,943      28,190 

30,898 

32,774 

35 

2,253      5,812 

9,399 

13,004 

20,003     23,045      i        - 

27,109 

27      1 

40 

1,841      4,729 

7.568 

10,329 

12,946 

15,278      17,187      18,467 

■45 

1,368      3,473 

5,478 

7,332 

8,961 

10,236      11,056      11,451 

11,584 

11,612 

50 

964      2,4U4      3,727 

4,885 

6,4''6       6,704       6,794 

6,812 

6  >\2 

55 

575      1,404 

2,109 

2,669 

3,041 

3.233        3.305        3,322 

3,322 

3,322 

60 

331         781 

1,111 

1,327 

1,443 

1,485        1,493        1,493 

1,493 

1,493 

Go 

152         339 

460 

526 

556         562           562           562 

562 

562 

Total 

12,136    30.763    48,882 

66.500 

83,338    98.859   112.480    123.731 

132,393 

138,379 

0M  Mortality  Tabic — Interest  2f  per-cent 

20 

517 

1,261      1,984     2,719 

3,481      4,279        5,125 

6,016 

6.925 

7.772 

25 

1,619 

4,123      6,667      9,310 

12,062    14,921      17.77^ 

2  1,547 

23,116 

25,282 

30 

2,189 

5,656      9,187    12,837 

16,566    20,280      23,81  1 

26,990 

29,650 

31,501 

35 

2,120 

5,490     8,911    12.373 

15,834    19,160     22.135 

24.545 

26.135 

26,930 

40 

1,745 

4  (99      7.226     9,894 

12,439    14,719      16,596 

17,859 

18,481 

18,692 

45 

1,306 

3,328      5,266      7 

8,662      9.916      10,725 

11,115 

11.247 

11,275 

50 

927 

2,318      3,605     4,738 

5.64  4      6,236        6,531 

6,621 

6,639 

6,639 

55 

557 

1,362      2,051      2,601 

2,968      3,157        3,229 

3.2  46 

3,246 

3,246 

60 

325 

763      1,087      1,300 

1,415      1,456        1,464 

1,464 

1,464 

1 ,  16  I 

65 

148 
11,453 

332         452         518         548         554           554 

55  4 

554 

554 

Total 

29,132    46,436   63,359    79,619    94.678    107,951 

118,957 

127,457 

133,355 

20 

0M  Mortality  Table — Interest  3  per-cent 

477 

1,169 

1,845 

2,537      3,260 

4,021 

4,833 

5,695 

6,580 

7,408 

25 

1,504 

3,814 

6,239 

8,744    11.371 

14.119 

16.^3 

22.091 

24,220 

30 

2,048 

5.312 

8,659 

12.142    15.724 

19,315 

22.753 

25,859 

28,473 
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35 

1,998 

5,193 

8,458 

11,785    15,132 

18,366 

21,276 

23,644 

25.212 

25.904 

40 

1,656 

4,284 

6,904 

9,485    11,960 

14,190 

16.034 

17,279 

17,S96 

18,105 

45 

1,248 

3,190 

5,065 

6,818     8,376 

9,607 

10,405 

10,792 

10,923 

I  ".:•-] 

50 

891 

2,236      3,488 

4,595      5,484 

6.069 

6,361 

6,451 

6,469 

6.469 

00 

539 

1.322      1.006 

2,536     2,897 

3,085 

3,157 

3,174 

3.174 

3,174 

60 

316 

744      1,062 

1.272      1,386 

1,427 

1,435 

1,435 

1,435 

1,435 

65 

145 

325         443 

508         536 

542 

542 

542 

542 

542 

Total 

10,822 

27.619    44,159 

60,422    76,126 

90.741 

103,679    114,448 

122.795 

128.596 

20 

Oi[  Mortality  Table— Interest  3i  per-cent 

10S 

1,007 

1,601 

2.216      2.867 

3,562 

4,313 

5,120 

5,958 

6.751 

25 

1,305 

3,360 

7.74S    10.146 

12,687 

15,276 

17,828 

20.234 

22.290 

30 

1,800 

4,702 

7,718 

1".S9S    14.211 

17,574 

20,831 

23  804 

26.329 

28,105 

35 

1,779 

4,658 

7,6  '•• 

10.717    13.S51 

16,915 

19,700 

21,987 

23,513 

24.279 

40 

1,494 

3,894 

6.317 

8,734    11,080 

13,214 

14,996 

11  _   - 

16,811 

17,018 

45 

1,140 

2,936 

4,691 

6,353     7,844 

9,034 

9,811 

10,190 

10,319 

10,346 

50 

825 

2,085 

3,271 

4,331      5.190 

5.759 

6,045 

6,133 

6,151 

6,151 

00 

505 

1,246 

1,891 

2,413 

2,765 

2,949 

3,019 

3,036 

3,036 

3,036 

60 

300 

709 

1,016 

1,220 

1,331 

1,371 

1,379 

1,379 

1,379 

1,379 

65 

139 

313 

427 

490 

519 

525 

525 

525 

525 

525 

Total 

9,695    24,910 

40,062 

55,120 

69,804    83,590 

95,895 

106,210 

114,255 

119,880 
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Table  XXIX. 

Reserves  for  New  Bonus  in  Model  Office. 

Compound  Bonus  Office. 


QM<5) 


Central 
Age  at 

Age  of  Office 

Entry 
20 

5  years     10  years    15  years    20  years    '25  years    80  yean     35  years  ,  40  years 

45  years  1  50  years 

OM(5]  Mortality  Table -Interest  2\  per-cent 

579 

1,398 

2,181  ,    2,967 

3,775 

4,614        5,496 

6,419 

7,355        8,221 

25 

1,777 

1,489 

7,213    10,015 

12,908 

15,890      18,850 

21,699 

24,329      26,534 

30 

2,367 

6,078 

9,822    13,659 

17,548 

21,394     25,030 

28,279 

30,987      32,863 

35 

2,266 

5,839 

9,436    18,048 

16,633 

20,055      23,098 

25,551 

27,162      27,960 

40 

1,848 

4,713 

7,587 

10,351 

12,969 

15,301      17,210 

18,490 

19,119 

19,332 

45 

1,371 

3,480 

5,487 

7,342 

8,972 

10,247      11,067 

11,462 

11,595 

11,623 

50 

966 

2,407 

3,731 

4,889 

5,810 

6,410        6,708 

6,798 

6,816 

6,816 

55 

576 

1,405 

2,110 

2,670 

3,042 

3,234       3,306 

3,323 

3,323 

3,323 

60 

334 

781 

1,111 

1,327 

1,443 

1,485       1,493 

1,493 

1,493 

1,493 

65 

Total 

152 

339 

460        526 

556 

562           562 

562 

562 

562 

12,236 

30,959 

49,138    66,794 

83,656 

99,192    112,820 

124,076 

132,741 

138,727 

20 

0*M  Mortality  Table— Interest  2£  per-cent 

535 

1,295 

2,027 

2,767      3,532 

4,332        5,180 

6,072 

6,983 

7,830 

25 

1,652 

4,185 

6,747 

9,402    12,162 

15,027i    17,883 

20,658 

23,229 

25,395 

30 

2,215 

5,707 

9,254 

12,914    16,649 

20,366      23,901 

27,078 

29,738 

31,589 

35 

2,134 

5,520 

8,951 

12,419    15,884 

19,211      22,187 

21,597 

26,187 

26,982 

40 

1,752 

4,514 

7,245 

9,917    12,462 

14,742      16,619 

17,882 

18,504 

18,715 

45 

1,310 

3,334 

5,274 

7,078     8,671 

9,925      10,734 

11,124 

11,256 

11,2S4 

50 

928 

2,321 

3,608 

4,741     5,647 

6,239        6,534 

6,624 

6,642 

6,642 

55 

558 

1,363 

2,052 

2,602     2,969 

3,158        3,230 

3,247 

3,247 

3,217 

60 

325 

763 

1,0S7 

1,300      1,415 

1,456 :      1,464 

1,464 

1,464 

1,464 

65 

148 

332 

452 

518 1       548 

554 '         551 

554 

554 

55 ! 

Total 

11,557 

29,334 

46,697 

63,658   79,939 

95,010    108,291 

119,300 

127,804 

133,702 

20 

0Ml5>  Mortality  Table— Interest  3  per-cent 

495 )    1,203      1,888 

2.5S5 

3,311      4,075 

4,889 

5,752 

6,637       7,466 

25 

1,538      3,911      6,325 

8,843 

11,478    14,231 

16,998 

19,693 

22,207      24,336 

30 

2,074 

5,364     8,727 

12,221 

15,810    19,405 

22,815 

25,952 

28,566     30,391 

35 

2,013 

5,223      8,498 

11,831 

15,182    18,418 

21,328 

23,696 

25,264 

26,046 

40 

1,663 

4,300     6,925 

9,509 

11,986    14,216 

16,060 

17,305 

17,922 

18,131 

45 

1,251      3,196     5,072 

6,827 

8,386  |    9,617 

10,415 

10,802 

10,933 

10,961 

50 

893     2,240     3,493 

4,601 

5,490      6,075 

6,367 

6,457 

6,475 

6,475 

55 

510     1,323      1,997 

2,537 

2,898  |    3,086 

3,158 

3,175 

3,175 

3,175 

60 

316        744     1,062 

1,272 

1,386     1,427 1      1,435 

1,435 

1,435 

1,435 

65 

145         325         443 

508 

536 

542           542 

542 

542 

512 

Total 

10,928    27,829   44,430 

60,734 

76,463 

91,092   104,037    114,809 

123,156 

128,958 

20 

0™  Mortality  Table— Interest  3£  per-cent 

427      1,043 

1,646 

2,267 

2,922 

3,620 '      4,374        5,182 

6,021 

6,815 

25 

1,341      3,429 

5,579 

7,850 

10,257 

12,804     15,396 

17,949 

20,356 

22,412 

30 

1,828      4,758 

7,792 

10,981 

14,305 

17,672 

20,930 

23,904 

26,429 

28,205 

35 

1,795 

4,691 

7,683 

10,767 

13,906 

16,972 

19,758 

22,015 

23,571 

2 1,337 

40 

1,503 

3,912 

6,341 

8,762 

11,108 

13,243 

15,025 

16,237 

16,840 

17,047 

45 

1,145 

2,945 

4,703 

6,365 

7,857 

9,047 

9,824 

10,203 

10,332 

10,359 

50 

828 

2,090 

3,277 

4,337 

5,196 

5,765 

6,051 

6,139 

6,157 

6,157 

55 

506 

1,248 

1,893 

2,415 

2,767 

2,951 

3,021 

3,038 

3,038 

3,038 1 

60 

300 

709 

1,016 

1,220 

1,331 

1,371 

1,379 

1,379 

1,379 

1,379 

65 

139 

313 

427 

490 

519 

525 

525 

525 

525          525 | 

Total 

9,812 

25,138 

40,357 

55,457 

70,168 

83,970 

96,283 

106,601 

114,648    120,274  J 
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Abstract  of  the  Discussion. 

Mr.  II.  J.  Baker,  in  opening  the  discussion,  said  that  probably 
the  most  useful  purpose  to  which  model  office  tables  could  be  put 
was  to  estimate  the  future  effect  of  a  present  change  in  the 
valuation  basis.  He  thought  most  of  the  members  would  be  inclined 
to  make  a  group  valuation  if  they  merely  wished  to  find  the 
immediate  cost  of  such  a  change,  but  the  model  office  in  its  complete 
form  enabled  them  to  do  far  more  than  that.  They  had,  however, 
been  prevented  hitherto  from  making  full  use  of  the  model  office 
owing  to  the  lack  of  information  in  respect  of  bonuses.  They  were, 
therefore,  greatly  indebted  to  Dr.  Buchanan  for  the  very  useful  and 
interesting  paper  which,  in  conjunction  with  Mr.  King's  well-known 
tables,  put  them  in  possession,  so  far  as  whole-life  policies  were 
concerned,  of  a  complete  working  model  of  an  average  life  office. 
Model  office  figures  required,  however,  considerable  caution  and  skill 
in  their  practical  adaptation  to  the  requirements  of  an  individual 
company,  and  the  author's  tables  probably  required  more  careful 
handling  in  that  respect  than  Mr.  King's.  As  the  author  remarked, 
the  assumptions  made  in  the  calculations  differed  considerably  from 
what  occurred  in  practice,  and  before  using  the  tables,  very  careful 
investigation  had  necessarily  to  be  made  as  to  how  far  the 
circumstances  of  a  particular  company  varied  from  those  applicable 
to  the  model  office.  In  that  connection  he  would  like  to  refer  to  the 
statement  on  p.  264  that  the  case  of  an  office  in  which  bonuses  had 
been  applied  to  a  large  extent  in  some  other  way  than  by  addition  to 
the  sum  assured  would  probably  be  met  by  selecting  a  model  office 
younger  than  its  calendar  years  would  show.  It  would  seem, 
however,  that  that  was  not  necessarily  so.  If,  as  might  well  be  the 
case,  the  lives  taking  their  bonuses  in  the  form  of  cash  or  reduction 
of  premium  were,  on  the  whole,  younger  than  those  preferring  the 
addition  to  the  sum  assured,  the  model  office  chosen  should  be,  if 
anything,  older  than  the  actual  company.  In  other  words,  the  age 
distribution  of  the  bonus  additions  was  most  important.  Turning  to 
the  tables,  he  was  glad  to  see  that  the  author  gave  the  net  premiums 
corresponding  to  the  business  in  force  in  the  model  office,  and  also 
the  values  of  sums  assured  and  net  premiums  separately.  The 
absence  of  those  tables  had  hitherto  limited  to  some  extent  the 
practical  usefulness  of  Mr.  King's  tables.  It  was  true  that 
Mr.  King's  ingenious  formulas  enabled  one  to  arrive  at  these  figures, 
but  only  at  a  cost  of  a  considerable  amount  of  labour.  By  means  of 
Tables  XX  and  XXI,  giving  the  reserves  for  existing  bonuses,  it  became 
possible  to  accurately  estimate  the  effect  of  bonuses  on  a  change  in 
the  valuation  basis.  It  would  be  found  that  the  cost  of  reducing  the 
valuation  rate  of  interest  by  10s.  per-cent,  when  bonuses  were  taken 
into  account,  was,  roughly  speaking,  increased  b}r  \  per-cent  of  the 
reserves,  while,  on  the  other  hand,  the  cost  of  changing  from  the  HM 
Table  to  the  0M  Table  was  reduced  by  about  |  per-cent  of  the  reserves, 
it  being  assumed,  of  course,  that  the  bonus  additions  were  equivalent 
in  amount  and  age  distribution  to  those  of  the  model  office.  He  had 
had  occasion  to  investigate  the  effect  of  a  change  of  valuation  basis  in 
the  case  of  an  office  distributing  the  whole  of  its  surplus  in  the  form  of 
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permanent  reduction  of  premium  and  valuing  that  reduced  premium. 
He  found  that  the  cost  of  reducing  the  valuation  rate  of  interest  by  5s. 
per-cent  was  over  4  per-cent — nearly  double  the  amount  required  in 
the  case  of  an  office  making  a  net  premium  valuation  and  allotting 
reversionary  bonuses.  Perhaps  the  most  interesting  section  of  the 
paper  was  that  which  dealt  with  the  analysis  of  profits,  and  some  of 
the  results  brought  out  by  the  tables  were  very  instructive.  For 
example,  although  it  was  well  known  that  the  margin  of  loading  was 
greater  bj'  the  0M  Table  than  by  the  HM,  yet  the  precise  extent  of  the 
difference  between  those  two  tables  in  that  respect  might  not  be  so 
generally  realized.  Taking  the  case  of  a  compound  bonus  office 
spending  12|  per-cent  of  its  premiums  in  expenses  of  management 
and  commission,  experiencing  0[M]  mortality  and  earning  4  per-cent 
interest,  the  results  of  an  HM  3  per-cent  net  premium  valuation  were, 
assuming  that  the  office  could  be  represented  by  the  model  office  of 
25  years'  standing — Loading  profit  £21,427,  interest  profit  £21,000, 
mortality  profit  £14,165  ;  while  the  figures  on  an  0M  3  per-cent 
basis  were — Loading  profit  £28,935,  interest  profit  £21,513, 
mortality  profit  £5,480.  The  results  for  the  50  years'  model  office 
were  HM  3  per-cent — Loading  profit  £29,854,  interest  profit 
£50,9G0,  mortality  profit  £16,390;  0M  3  per-cent— Loading 
profit  £40,275,  interest  profit  £51,070,  mortality  profit  £5,550. 
In  each  case,  the  loading  profit  was  increased  by  the  substitution 
of  the  0M  Table  for  the  HM  Table  by  no  less  than  35  per-cent,  while 
the  mortality  profit  was  reduced  in  the  younger  office  by  61 
per-cent  and  in  the  older  office  by  6G  per-cent.  With  regard  to 
mortality  profit  it  should  be  pointed  out  that  Tables  XI,  XII  and 
XIII  related  to  one  year  only,  and  not,  as  in  the  case  of  the  other  tables, 
to  a  quinquennium.  Prom  those  tables,  taken  in  conjunction  with 
the  table  on  p.  199  of  Vol.  ii  of  the  Transactions  of  the  Faculty  of 
Actuaries,  it  would  be  seen  that  in  the  model  office  experiencing  OtM1 
mortality,  the  mortality  profit,  when  reserves  were  based  on  the  0M 
table  at  3  per-cent,  increased  from  £529  in  the  first  year  to  a  maximum 
of  £1,352  in  the  eighth  year,  and  after  the  15th  year  remained 
practically  constant  at  about  £1,000.  The  profit  on  the  basis  of  HM 
3  per-cent  reserves  was  £710  in  the  first  year,  and  steadily  increased 
with  the  age  of  the  office,  being  £3,278  at  50  years,  and  nearly  three 
times  the  corresponding  0M  figure.  He  was  disposed  to  think  that 
the  mortality  experience  of  individual  companies  varied  within  wider 
limits  than  was  generally  supposed.  For  example,  in  the  model  office  of 
50  years'  standing,  experiencing  0[M]  mortality,  and  valuing  by  the 
HM  Table  at  3  per-cent,  the  actual  death  strain  was  91  per-cent  of  the 
expected,  while  in  one  of  the  companies  which  contributed  its  data  to 
both  the  HM  and  0M  experiences,  which  made  each  year  a  careful 
analysis  of  its  claims,  and  whose  business  consisted  almost  entirely  of 
whole-life  policies,  the  actual  death  strain  had  been  on  the  average 
only  74  per-cent  of  the  expected  by  the  HM  table  during  the  last  29 
years,  and  in  no  year  had  there  been  a  loss  from  unfavourable 
mortality.  The  average  profit  from  mortality  had  been  greater  than  the 
average  profit  from  interest.  On  the  other  hand,  it  was  extremely 
probable  that  some  offices  experienced  on  the  average  a  mortality  less 
favourable  than  that  shown  by  the  table  of  mortality  on  which  their 
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reserves  were  based.  He  believed  tbat  comparatively  few  offices 
systematically  compared  the  expected  death  strain  with  their  actual 
death  strain,  but  unless  that  was  done,  no  reliable  estimate  could  be 
made  of  the  mortality  profit  or  loss.  They  still  had  no  model  office 
tables  for  endowment  assurances,  and  having  regard  to  the  great  and 
growing  importance  of  that  class  of  business,  he  was  afraid  that  until 
they  had  such  tables,  the  model  office  would  only  be  of  limited  use  in 
office  work.  It  was  becoming  a  growing  practice  for  offices  to 
classify  in  their  Board  of  Trade  returns  their  endowment  assurances 
according  to  year  of  maturity,  and  it  would  be  of  great  service  if  they 
would  also  state  the  mean  valuation  age  of  those  policies  maturing  in 
the  same  year — a  course  which  was  already  followed  by  at  least  one 
company.  A  very  great  amount  of  thought  and  labour  must 
necessarily  have  been  expended  in  the  preparation  of  such  tables  as 
those  before  the  Institute,  and  their  thanks  were  consecpuently  all  the 
more  due  to  the  author  for  so  willingly  devoting  his  energies  to  the 
service  of  his  profession. 

Mr.  G.  Ki>"G  said  he  had  a  certain  amount  of  hesitation  in 
speaking,  on  account  of  the  very  frecment  references  the  author  had 
been  good  enough  to  make  to  his  own  work  ;  and  he  had  the  feeling, 
which  was  probably  altogether  a  mistaken  one,  that  if  he  spoke  very 
favourably  of  the  paper  it  might  be  thought  he  was  taking  rather  a 
prejudiced  view,  and  looking  with  too  much  favour  upon  a  paper 
which  had  a  close  relationship  to  his  own  work.  It  was  a  very 
valuable  paper,  which  he  thought  would  become  more  valuable  when 
they  had  learnt  how  to  use  the  tables.  He  thought  it  would  have 
been  a  great  advantage  if  the  author  had  seen  his  way  to  give  some 
practical  examples  of  the  uses  of  the  tables.  The  author  had  left  them 
to  find  these  out  for  themselves,  and  busy  men  sometimes  did  not  take 
that  amount  of  trouble.  The  amount  of  labour  that  the  author 
must  have  expended  was  enormous,  and,  on  looking  at  the  extent 
of  the  author's  tables,  and  the  intricate  amount  of  calculations 
required  to  produce  some  of  them,  he  thought  that  probably 
the  author's  arithmetical  work  was  greater  than  that  involved 
in  the  first  paper  which  he  (Mr.  King)  had  read.  The  author 
had  given  them  tools  which  they  might  apply  to  many  purposes, 
and  which  they  would  find  useful  for  purposes  not  apparent  on  the 
surface.  The  objects  of  the  paper  were  stated  on  p.  260,  namely,  to 
enable  a  close  estimate  to  be  made  of  (1)  what  it  will  cost  to  make  a 
reserve  for  existing  bonus  on  a  given  basis  ;  (2)  what  it  will  cost  to 
declare  a  new  bonus  at  a  given  rate.  Speaking  on  the  first  point,  he 
would  like  to  make  a  remark  upon  the  distribution  of  the  existing 
bonuses.  The  subject  had  been  already  to  a  certain  extent  dealt 
with  by  Mr.  Baker,  but  he  (the  speaker)  had  gone  a  little  fm-ther. 
He  had  taken  the  figures  from  Table  II  for  an  office  of  50  years' 
standing  and  compared  it  with  a  little  table  in  his  own  paper 
(J.I. A.,  xxxvii,  474)  where  he  gave  the  existing  bonuses  in  five  large 
and  typical  companies.  It  was  not  possible  to  make  an  exact 
comparison,  because  the  age  groups  differed  slightly,  but  it  was 
possible  to  get  one  close  enough  for  practical  purposes. 

Taking  total  bonuses  of  1,000,  the  following  is  the  comparative 
distribution  in  four  broad  age  groups. 
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King 

Buchanan. 

Below    42      . 

64 

Below   40 

41 

43-62      . 

.       490 

41-60      . 

400 

63-82      . 

.       414 

61-80      . 

525 

83  &  over 

32 

81  &  over 

34 

1,000 


1,000 


It  would  thus  seem  that  at  the  younger  ages  the  proportionate 
amount  of  bonus  in  his  (Mr.  King's)  table  was  considerably  greater 
than  in  the  author's,  and  at  the  older  ages  the  reverse  was  the  case. 
The  result  was  that  any  estimates  based  upon  the  author's  table 
would,  he  thought,  rather  exaggerate  the  cost  of  changing  the 
valuation  basis  in  reference  to  the  bonus,  and  also  the  cost  of  new 
bonuses ;  and  it  would  be  necessary,  as  the  author  pointed  out,  to 
take  an  office  of  a  younger  age — to  find  out,  in  fact,  which  age  of  an 
office  would  give  something  approximating  to  the  bonus  distribution 
according  to  the  conditions  of  the  actual  company  to  be  tested.  It 
would,  of  course,  not  be  difficult  to  get  that  information.  Probably 
the  discrepancy  arose  from  the  fact  that  the  author  assumed  that  all 
bonuses  remained  in  reversion,  whereas  his  (Mr.  King's)  table  was 
based  upon  the  figures  of  actual  companies,  and  a  considerable  amount 
of  the  bonuses  had  probably  been  surrendered  :  that  would  of  course 
reduce  the  proportionate  bonuses  at  the  older  ages.  With  regard  to 
the  valuation  of  simple  bonuses,  he  would  like  to  point  out  that  it 
was  rather  anomalous  to  give  tables  for  the  valuation  of  simple 
bonuses  at  very  low  rates  of  interest.  Taking  Table  XX,  it  would 
be  found  that  the  author  gave  the  reserves  for  existing  simple  bonuses  at 
2h  per-cent  and  2f  per-cent,  and  so  on.  He  was  of  opinion  that  an 
office  which  valued  its  bonuses  at  those  rates  had  no  right  to  give 
simple  bonuses;  it  was  keeping  back  a  portion  of  the  profits  and 
acting  unfairly  to  its  present  members.  The  bonus  did  not  require 
to  earn  a  bonus,  being  a  simple  bonus,  and  therefore  it  should  be 
valued  at  something  nearer  the  practical  rate  of  interest.  He  had 
occasion  some  little  time  since  to  go  rather  fully  into  the  question  of 
the  reserves  required  for  maintaining  bonuses,  both  simple  and 
compound.  He  found  that  in  the  case  of  a  company  with  a 
practical  rate  of  interest,  which,  at  the  present  day  might  be 
estimated  at  3|  per-cent  (that  was  probably  a  little  below  the 
actual  rate,  but  not  so  much  so  as  to  leave  more  than  the 
necessary  margin  of  safety) — if  they  declared  simple  bonuses  of 
30s.  per-cent  per  annum,  and  valued  by  the  0M  Table,  to  maintain  the 
bonus  the  sum  assured  should  be  valued  at  a  little  below  2f  per-cent 
interest,  the  existing  bonuses  being  valued  at  3|  per-cent;  but  if  it 
was  thought  undesirable  to  value  the  bonus  at  a  different  rate  of 
interest  from  the  sum  assured — although  he  did  not  see  why  that 
should  be  so — it  would  be  sufficient  if  they  valued  both  the  sum 
assured  and  the  bonus  at  3  per-cent.  Practically  the  same  result 
was  obtained  by  either  method,  and  that  would  enable  the  company 
to  maintain  its  bonus  of  about  30s.  as  a  simple  bonus.  The  method 
of  comparison  was  arrived  at  by  valuing  the  policies,  taking  into 
account  future  bonuses,  and  the  premium  to  provide  them,  and 
valuing  at  the  true  rate  of  interest,  3|  per-cent.     If  that  was  done, 
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it  was  practically  the  same  as  making  a  net  premium  valuation  of  the 
sum  assured  and  existing  bonuses  at  3  per-cent.  Therefore,  it  might 
be  said  that  a  margin  of  about  10s.  per-cent  in  the  rate  of  interest 
was  sufficient  in  order  to  maintain  a  simple  bonus  of  about  30s.  Taking 
the  0M  Table,  rather  different  results  were  obtained  from  what  came 
out  by  the  HM,  and  therefore  it  was  necessary  as  time  went  on  to 
revise  their  views  on  that  point.  It  was  a  curious  fact  that  the 
reserve  for  the  sum  assured,  looked  at  by  itself,  if  one  wished  to 
maintain  a  compound  bonus,  was  rather  less  than  if  one  wished  to 
maintain  a  simple  bonus.  "When  that  fact  first  came  before  him,  he 
thought  he  must  have  made  a  mistake  in  the  calculations,  because  it 
looked  absurd  on  the  face  of  it ;  and  yet  it  was  true.  He  went  over 
the  whole  question  again  and  worked  out  why  it  should  be  so,  and 
found  the  reason ;  he  was  then  very  pleased  to  find  in  Mr.  G.  F. 
Hardy's  paper  upon  discounted  bonuses  {J. I. A.,  xxxi,  261)  that  the 
same  fact  was  recorded  there  ;  and  being  thus  confirmed,  they  might 
take  it  for  granted  it  was  true.  The  reason  was  that  in  valuing 
future  bonuses  and  the  original  premiums  necessary  to  produce  them, 
as  time  went  on  the  difference  between  the  premium  required  for 
compound  bonus  and  the  premium  required  for  simple  bonus  diminished, 
the  consequence  being  that  the  compound  bonus  depended  more  on 
future  premiums  than  the  simple  bonus,  and  thus  required  a  smaller 
reserve  for  the  sum  assured  ;  but,  on  the  other  hand,  the  reserve  required 
for  existing  bonus  where  the  bonuses  were  compound  was  much 
greater  than  that  required  for  simple  bonuses  ;  the  result  being  that 
when  sum  assured  and  bonus  were  taken  together,  they  might, 
for  compound  bonuses,  either  value  the  sum  assured,  with  provision 
for  future  bonuses,  and  the  premium  corresponding,  all  at  the 
practical  rate  of  interest,  3i  per-cent,  or  they  might  value  the  whole 
by  the  net  premium  method  at  about  2f  per-cent.  It  would 
therefore  appear  that  for  compound  bonuses  to  be  maintained  at  a 
rate  of  about  30s.  per-cent,  they  required  to  keep  15s.  per-cent 
margin  of  interest  by  the  0M  Table,  but  it  did  not  make  much 
difference  if  they  took  the  0-M-  select.  His  figures  were  worked  out 
before  the  select  tables  were  published,  and  he  just  gave  them  as  thev 
stood  ;  he  had  not  had  time  to  revise  them  with  the  most  recent  data, 
but  he  had  tested  them,  and  had  found  there  was  not  anv  verv 
material  difference.  Mr.  Baker  had  also  referred  to  the  question  of 
endowment  assurances.  He  would  like  to  add  a  word  to  what  he  said 
on  the  same  subject  in  his  last  paper  on  the  model  office.  He  there 
gave  {J. I. A.,  xxxvii,  173)  a  certain  rule  for  making  allowance  for 
endowment  assurances.  That  rule  was  correct  as  far  as  it  went,  and 
was  correct  according  to  the  example  given,  but  he  had  confined  his 
attention  to  a  change  in  the  rate  of  interest  in  the  valuation.  The 
rule  had  not  gone  far  enough,  and  it  did  not  apply  when  the  table 
of  mortality  was  changed.  He  did  not  exactly  know  what  the 
effect  would  be  of  changing  the  table  of  mortality  from  the  HM  to 
the  On  in  valuing  endowment  assurances,  but  the  rule  in  his  paper 
would  not  apply ;  the  difference  would  be  much  greater  in  the 
endowment  assurance  valuation  than  his  remarks  in  that  paper  would 
lead  one  to  think.  He  therefore  would  like  to  make,  he  would  not 
call  it   a   correction,   but   an   addition  to  what  he  said  about  the 
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endowment  assurance  valuation  and  the  effect  of  changes  of  valuation 
bases.  He  was  afraid,  however,  that  at  the  present  day  the  vast  mass 
of  endowment  assurances  on  the  books  of  a  company  upset,  to  a  large 
extent,  the  calculations  made  by  the  model  office,  and  reduced  very 
considerably  the  advantage  which  the  model  office  gave  them.  When 
the  model  office  was  first  brought  out  it  gave  remarkably  close  results, 
as  many  examples  showed  ;  but  now-a-days  it  could  not  be  trusted 
quite  so  fully.  Especially  in  dealing  with  the  cost  of  new  bonuses, 
the  endowment  assurances  would  have  a  still  greater  disturbing 
influence  than  in  regard  to  the  sums  assured,  because  the  cost  of 
bonuses  to  endowment  assurances  was  very  great  compared  with  the 
cost  of  an  equal  reversionary  bonus  to  a  whole-life  policy.  He  did 
not  mean  to  imply  that  too  much  bonus  was  given  to  the  endowment 
assurances,  because  he  had  shown  on  previous  occasions  that  in 
practice  an  endowment  assurance  at  the  ordinary  rates  of  premium 
current  in  the  market  was  entitled  to  a  reversionary  bonus  equal  to 
the  reversionary  bonus  on  the  whole-life  policy.  Other  enquirers  had 
come  to  the  same  conclusion  ;  nevertheless,  the  cost  of  the  bonus  was 
heavy,  and  upset  the  calculations  of  the  model  office.  He  would 
conclude  by  thanking  the  author  for  the  very  great  trouble  he 
had  taken  to  help  the  members  by  supplying  them  with  such  valuable 
tables,  and  by  again  expressing  the  hope  that  he  would  see  his  way 
to  give  some  practical  examples  of  how  to  apply  them. 

The  Pbesident  was  sure  the  members  would  join  with  him  in 
passino-  a  very  hearty  vote  of  thanks  to  Dr.  Buchanan  for  his 
admirable  paper,  which  must  have  cost  him  a  very  great  deal  of 
labour  in  its  preparation. 

The  resolution  was  then  put  and  carried  with  acclamation. 
Dr.  BucnA.NAN,  in  reply,  thanked  the  members  very  cordially  for 
the  reception  they  had  given  to  his  paper.  He  was  induced  to  take 
up  the  subject  because  it  seemed  to  him  to  be  an  extremely  promising 
one  from  an  educative  point  of  view.  He  felt  that  he  might  be  able 
to  put  the  working  of  a  life  office  under  a  microscope,  and  he  hoped 
the  results  of  the  investigation  would  be  of  some  use  to  the  profession 
o-enerally.  That  was  a  question  for  the  profession  to  determine, 
especially  the  senior  members  of  it ;  but  the  reception  which  had 
been  given  to  his  paper  would  always  make  him  look  back  with 
pleasure  to  his  introduction  to  the  meetings  of  the  Institute.  Mr. 
Baker  had  referred  to  the  assumptions  underlying  the  bonus  tables. 
He  did  not  pretend  that  these  assumptions  would  ever  be  realized  in 
practice,  but  the  same  might  be  said  of  the  assumptions  underlying 
the  construction  of  the  model  office,  and  experience  had  shown  that 
it  gave  wonderfully  accurate  results.  Might  not  one,  therefore, 
expect  similar  results  with  the  bonus  tables  ?  He  quite  recognized 
that  success  must  always  depend  largely  on  the  skill  and  judgment  of 
the  actuary  using  them.  The  point  upon  which  he  had  endeavoured 
to  lay  stress  was  that  by  means  of  the  model  office  it  should  be 
possible  to  estimate  the  effect  of  a  change  of  valuation  basis  on  surplus 
accruing  from  certain  sources  with  a  degree  of  accuracy  approximating 
to  that  with  which  they  could  estimate  reserves.  It  might  perhaps 
be  thought  he  had  devoted  too  much  attention  to  the  question  of 
the  incidence  of  surplus  as  between  policies  of  different  ages  at  entry  ; 
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but  the  question  seemed  to  him  to  be  one  of  more  than  academic 
interest.  Fifty  years  ago  a  distinguished  member  of  the  Institute 
said  that  the  offices  which  were  most  remarkable  for  large 
accumulations  were  those  which  charged  a  fairly  adjusted  scale  of 
premiums,  for  it  did  not  matter  to  those  offices  at  what  ages  the 
business  came  in.*  If  that  statement  were  true  then,  was  it  not 
a  fortiori  true  at  the  present  day,  when  business  was  so  keenly 
canvassed,  and  when  the  public  was  probably  more  alive  to  the  bonus 
merits  of  different  policies  than  it  was  then  ?  If  an  office  gave  too 
large  a  share  of  surplus  to  any  particular  class  of  policy,  was  it  not 
likely  to  do  the  bulk  of  its  business  at  those  rates  which  were  less 
profitable  to  itself  and  ultimately  to  all  concerned  ?  Reference  had 
been  made  to  the  extension  of  the  model  office  to  endowment  assurances. 
That  extension  would  be  one  of  much  interest,  but  at  present  it 
did  not  seem  to  him  there  were  data  at  their  disposal  on  which  to 
base  such  an  office.  The  data  of  the  new  experience  gave  them  no 
information  in  regard  to  the  endowment  term,  and  that  seemed  to 
him  to  be  quite  as  important  as  the  age  at  entry  in  the  construction 
of  a  model  office  for  endowment  assurances.  He  again  thanked  the 
members  for  the  reception  they  had  given  to  his  paper.  He  wished 
especially  to  thank  Mr.  Lidstone,  whose  suggestive  letter  prompted 
the  paper,  and  Mr.  King,  for  allowing  him  to  work  out  a  subject 
which  was  peculiarly  his  own. 


[Dr.  Buchanan  has  sent  to  us  the  following  additional  note  for 
insertion  in  the  Journal. — Ed.  J.I.A.] 

It  has  been  suggested  to  me  that  it  would  be  desirable  to  add  a 
note  explaining  certain  irregularities  in  the  figures  of  Tables  XII 
and  XIII  of  the  preceding  paper.  These  are  clearly  shown  in  the 
following  table,  giving  the  amounts  of  mortality  profit  made  in  the 
Model  Office,  assuming  0  M]  Mortality  to  be  experienced. 

Expected  less  Actual  Death  Strain  in  Model  Office  experiencing 
0[M]  Mortality. 


Age  of 
Office 

Valuation  Basis  Om  Table  throughout 

- 
2i  per-cent           2|  per 

3  per-cent 

3i  per-cent 

5  years 

1,242                 1,245 

1,246 

1,252 

10      „ 

1,295                  1,300 

1,299 

1,304 

15      „ 

1,130 

1,136 

1.132 

1,133 

20      „ 

1,013 

1,047 

1,043 

1,041 

25      „ 

998 

1,000 

996 

992 

30      „ 

982 

983 

979 

973 

35      „ 

983                     983 

978 

973 

40      „ 

994                     993 

988 

985 

45      „ 

1,006                  1,006 

1.000 

1,001 

50      „ 

1,016                  1,019 

1,010 

1,015 

The  point  to  which  attention  is  drawn  is  the  fact  that  the  above 
figures  do  not  throughout  show,  as  they  ought  to  do,  a  small  increase 
in  mortality  profit  corresponding  to  an  increase  in  the  valuation  rate 
of  interest. 

*  [The  reference  is  to  a  paper  on  "  The  Value  of  Selection ",  by  the  late 
Mr.  J.  A.  Higham,  read  before  the  Institute  in  1850,  and  reprinted  in  vol.  xx  of 
the  Journal.  The  particular  reference  is  to  the  paragraph  commencing  at  the 
foot  of  page  8  of  that  volume. — Ed.  J.I.A.~] 
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Using  four-figure  logarithms,  the  expected  claims  and  their  values 
were  taken  out  to  one  decimal  place  for  each  age  at  entry  and  each 
duration  separately ;  these  were  summed  in  quinquennial  groups,  and 
the  differences  of  these  totals,  giving  the  expected  death  strain,  were 
cut  down  to  the  nearest  integer.  This  may  introduce  an  error  of 
±'5;  and  as,  even  for  the  5-year  office,  each  of  the  figures  quoted 
above  depends  on  20  such  differences,  involving  200  entries  in  a  table 
of  logarithms,  it  is  evident  that  small  irregularities  may  he  expected. 
In  the  present  case  these  irregularities  are  comparable  with  the 
changes  due  to  a  change  in  the  valuation  rate  of  interest. 

A  more  regular  progression  would  douhtless  have  been  secured  if 
the  decimal  places  had  been  retained  to  the  end  of  the  work  ;  but  to 
do  this  seemed  to  be  straining  after  accuracy  in  the  last  figure,  which 
the  tables  do  not  claim  to  possess,  and  which  model  office  estimates 
scarcely  can  possess.  Practically,  the  figures  show  that,  in  the  case 
of  an  office  valuing  by  the  0M  Table  and  experiencing  01MJ  mortality, 
the  effect  on  mortality  profit  of  a  change  in  the  valuation  rate  of 
interest  is  inappreciable. 

This  is  due  to  the  fact  that  this  profit  is  earned  chiefly  in  the 
first  quinquennium,  where  the  reserve  values  are  small,  and  where  a 
change  in  the  valuation  rate  of  interest  only  slightly  affects  the  death 
strain,  and  the  above  statement  would  require  modification  in  the 
case  of  an  office  whose  mortality  experience  was  throughout  better 
than  that  of  the  valuation  table.  From  the  figures  of  Table  XII 
some  idea  may  be  formed  in  such  a  case  of  the  extent  of  the  variation 
of  mortality  profit  due  to  a  change  in  the  valuation  rate  of  interest, 
by  assuming  the  office  to  experience  a  hypothetical  rate  of  mortality, 
such  as  a  given  percentage  of  that  of  the  0M  Table. 


On  the  Importance  and  Practicability  of  a  Standard  Classification 
of  Impaired  Lives.  By  S.  W.  Carrutheiis,  M.D.,  Medical 
Officer  of  the  Mutual  Life  Insurance  Company  of  New  York. 


I 


[Read  before  the  Institute,  17  April  1905.] 

HAVE  heard  that  a  former  distinguished  President  of  this 
Institute  once  publicly  stated  that  "  Doctors  rush  in  where 
Actuaries  fear  to  tread."  It  is  also  said  that  "  at  forty  a  man  is 
either  a  physician  or  a  fool "  :  but  the  presidential  saying  seems 
to  suggest  that  a  man  may  be  both.  With  such  a  warning 
ringing  in  my  ears,  I  yet  venture  to  read  before  this  learned 
Institute  a  paper  on  a  thorny  subject.  I  am  doing  so,  first 
because  that  subject  can  be  dealt  with  only  by  the  united  labour 
of  actuaries  and  doctors  ;  and  second,  because  I  am  sure  of  the 
consideration  and  forbearance  of  the  Fellows  in  any  matters 
wherein  I  travel  with  halting  gait. 

By  a  "  Standard  Classification  of  Impaired  Lives"  I  mean  a 
system  by  which  every  office  would  be  enabled  to  "pigeon-hole  n 
(so  to  speak)  lives  with  similar  impairments  in  uniformly  labelled 
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pigeon-boles  :  so  that  at  any  time  a  collective  investigation  could 
readily  be  made  of  the  contents  of  one  or  more  of  these  pigeon- 
holes, with  a  certainty  that  the  material  contained  therein  was  at 
least  sufficiently  homogeneous  to  furnish  a  mortality  experience 
of  practical  value. 

On  the  importance  of  such  a  classification  it  is  hardly 
necessary  for  me  to  enlarge  before  this  Institute  :  I  would  merely 
like  to  emphasize  the  fact  that  it  is  deemed  of  prime  importance 
by  many  physicians,  more  especially  (I  am  bound  with  regret  to 
admit)  on  the  Continent,  where  perhaps  medical  directors  as  a 
class  make  a  more  scientific  study  of  the  medical  side  of  insurance 
than  is  done  in  this  island.  That  the  need  is  not  unfelt  in 
Britain,  however,  is  evident  by  the  crisp  description  of  it  by 
Sir  William  Gowers,  only  a  few  months  ago,  in  a  paper  read 
before  the  Life  Assurance  Medical  Officers'  Association.  "  I  do 
"  not  know  whether  the  effort  has  yet  been  made  by  this 
"Association,  but  it  would  be  most  desirable  to  make  an  attempt 
"  to  secure  the  actual  tabulation  and  classification  of  the  facts  of 
"  medical  importance  on  a  uniform  system  in  every  office,  so  that 
"  they  could  be  ascertained  for  a  series  of  years  without  much 
"  labour  and  without  much  time,  and  could  be  easily  combined 
"  and  classified.  Such  a  scheme  would  be  worth  much  trouble. 
"It  should  be  simple  and  not  elaborate.  But  I  must  not  pursue 
"this  subject  further." 

The  matter  had  been  in  my  mind,  in  somewhat  nebulous 
form,  even  before  May  1902  :  but  it  first  took  definite  shape  at  a 
meeting  of  the  Life  Assurance  Medical  Officers'  Association  in 
that  month.  Dr.  Hingston  Fox  read  a  suggestive  paper  "  On  the 
Method  of  making  Advances  in  Impaired  Lives  "  :  his  first  two 
conclusions  were  as  follows  :  "1.  A  strictly  scientific  method  of 
"  making  advances  in  impaired  lives  is  not  at  present  possible. 
"2.  An  approximately  true  method  is  found  by  the  medical 
"examiner  estimating  the  extent  to  which  the  expectation  period 
"is  diminished  by  the  defect  present/' 

In  the  discussion  which  followed  I  ventured  to  make  some 
remarks,  from  which  I  quote  the  following  sentences  :  "  It  is 
"  important  to  see  whether  any  practical  issue  arises  out  of  this 
"  question.  It  seems  to  me  that  our  radical  difficulty  as  medical 
"men  is  that  we  do  not  treat  impaired  lives  by  the  same  method 
"as  healthy  lives.  All  insurance  work  can  only  be  done  by  the 
"  doctor  and  the  actuary  in  co-operation.  The  work  of  insurance, 
"as  far  as  it  deals  with  healthy  lives,  is  an  absolutely  mathematical 
"work,  based   on  facts   drawn  up   into    mortality  tables.     The 

x  2 
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"  share  of  the  doctor  in  producing  these  has  been  the  humble 
"  one  of  classification,  separating  the  healthy  from  the  impaired 
tl  lives.  The  doctor  having  done  that,  the  actuary  works  out  the 
"  mortality  tables.  It  seems  to  me  that  the  only  way  in  which 
"  we  can  face  the  question  of  impaired  lives  is  by  a  similar 
"  division  of  the  work ;  the  doctors  must  classify  impaired  lives, 

"  and  then  the  actuaries   work  out  the  figures We  have  to 

"  remember  that  healthy  lives  are  a  single  class,  while  impaired 
"  lives  consist  of  manifold  classes,  classes  almost  innumerable  ; 
"and  an  enormous  mass  of  statistics  is  necessary  to  give  reliable 

"results  in  regard  to  these  impaired  lives Dr.  Hingston 

"  Fox  says  that  c  an  approximately  true  method  is  found  by  the 
"  medical  examiner  estimating  the  extent  to  which  the  expectation 
"  period  is  diminished  by  the  defect  at  present.'  ....  It  seems  to 
"  me  that  an  estimate  is  not  what  is  wanted ;  we  want  to 
u  ascertain  the  extent  to  which  the  expectation  is  diminished  by 
"  the  defect  present.  Only  actuaries  can  do  that,  and  they  can 
"  only  do  it  after  we  doctors  have  classified  the  cases  for  them. 
"  That  leads  me  to  the  practical  point.  It  has  been  said  we 
"  can  never  get  the  data  in  our  time.  That  may  be  true.  Long 
"  experience  is  necessary.  But  the  data  will  never  be  got  unless 
"  we  begin.  AVe  must  have  enough  disinterestedness  to  work  for 
"  posterity,  and  if  this  Association  could  devise  some  scheme  for 
"  classifying  extra  risks,  I  am  sure  the  actuaries  would  be 
"  very  grateful  ;  and  that  in  England  work  could  be  done  quite 
"  as  good  as  that  which  has  been  commenced  [in  the  Specialized 
"  Mortality  Investigation]  in  America." 

Pardon  my  quoting  at  such  length  what  must  be  to  you 
a  mere  bundle  of  truisms.  The  position  is  elementary,  but 
it  seems  to  me  to  be  fundamental.  There  is  but  one  thing  I 
would  alter.  In  criticizing  Dr.  Fox,  I  was  entrapped  by  his  use 
of  the  expression  "Expectation  Period"  into  using  it  myself, 
instead  of  speaking  of  mortality  tables,  to  which  I  had  already 
referred  in  the  earlier  part  of  my  remarks.  Of  course  what  wc 
want  to  ascertain  is  not  the  expectation  period  (so  dear  to 
many  doctors),  but  the  mortality  tables  for  different  classes  of 
impaired  lives. 

My  appeal  did  not  meet  with  a  response,  which  was  not  to  be 
wondered  at,  for  it  came  from  a  junior  and  inexperienced  member 
of  the  Association.  But  the  idea  was  too  fascinating  to  forget; 
and,  not  succeeding  in  getting  the  Life  Assurance  Medical 
Officers'  Association  to  tackle   the  difficulties   of    the   labyrinth, 
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1  proceeded  in  the  happy  confidence  oi'  youth  and  inexperience,  to 
explore  it  alone.  I  am  sanguine  enough  to  hope  that  I  have 
found  an  Ariadne  cine ;  a  cine  which  is,  I  think,  thoroughly 
workable,  though  it  will  need  to  be  perfected  tor  practical  use  by 
the  labour  of  wiser  heads  than  my  own. 

Before  briefly  describing  it  to  you,  permit  me  to  state  the 
desiderata  which  any  workable  scheme  must  meet. 

First  and  foremost,  it  must  be  reasonably  easy  of 
comprehension,  and  must  lend  itself  to  ready  memorising  of 
its  main  features,  and  of  its  most  frequently  used  portions. 

Secondly,  it  must  possess  a  concise  and  legible  notation, 
so  that  once  a  case  has  been  classified  it  can  be  briefly  docketed  in 
such  a  way  as  to  be  readily  picked  out  at  any  subsequent  time. 
If  these  two  requirements  are  fully  met,  it  insures  that  a 
minimum  of  time  will  be  spent  in  operating  the  system. 

Thirdly,  it  must  allow  ample  provision  for  the  increase  of  our 
knowledge.  Increased  knowledge  will  necessitate  the  creation  of 
new  classes,  and  the  subdivision  of  existing  ones  to  a  greater 
degree,  or  even  along  new  lines.  And  it  must  be  possible  to  do 
this  without  any  wholesale  recasting  of  the  system. 

Fourthly,  while  it  must  be  up  to  the  limit  of  our  knowledge, 
it  must  recognise  the  fact  that  the  outer  fringe  of  our  knowledge 
is  not  always  of  much  practical  value.  To  take  an  instance 
of  what  I  mean  :  we  are  able  at  present  to  say  definitely  that 
certain  pleurisies  are  tuberculous,  and  that  certain  others  are  not, 
but  we  cannot  definitely  place  every  pleurisy  in  one  or  other 
of  these  categories.  While  we  must  have  a  pigeon-hole  for  those 
which  can  be  definitely  included  in  the  tuberculous  class,  and  one 
for  those  which  can  be  as  definitely  excluded,  we  must  at  present 
have  one  also  (whose  contents  will  be  more  than  those  of  both  the 
others  put  together)  for  pleurisies  which  we  cannot  definitely  classify. 
And  it  must  be  easy  to  throw  these  three  classes  into  one,  with 
a  view  of  getting  out  a  reliable  average  mortality,  which  any 
company  might  use  as  a  basis,  loading  more  heavily  (or  declining 
if  it  saw  fit)  the  undoubtedly  tuberculous  case,  and  granting  more 
favourable  terms  to  the  case  clear  of  all  suspicion  of  tubercle. 

Furthermore,  there  will  ever  be  two  great  mental  temperaments, 
known  in  the  botanical  world  by  the  expressive  names  of 
"lumpers"  and  "splitters",  and  the  classification  should  be 
such  a  one  that  a  man  of  either  temperament  could  use  it, 
the  "lumper"  not  being  forced  to  split  up  his  cases  into  endless 
varieties,  nor  the  "splitter"  compelled  to  place  together  cases  wrhich 
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he  deems  to  fall  into  entirely  different  categories  of  risk.  And  if  in 
any  office  (or  group  of  offices  making  a  common  investigation)  an 
Aniurath  does  not  an  Anmrath  succeed;  but  a  peaceful  revolution 
takes  place,  then  the  "  lumper "  should  be  able,  with  the 
minimum  of  trouble,  to  neutralize  the  excessive  splitting  of 
his  predecessor,  or  the  "splitter"  to  parcel  out  what  his 
forerunner  had  lumped  together. 

This  is  no  mean  programme.  A  scheme  which  passably  meets 
the  four  requirements  thus  laid  down  will,  I  dare  to  say,  find 
no  actuary,  and  few  medical  men  engaged  in  insurance  work, 
to  question  its  importance. 

But  what  of  its  practicability  ?  Are  you  inclined  to  think 
that  I  have  sketched  an  outline  too  large  to  fill  in  ?  I  hope  to 
show  you  that  this  is  not  so.  But  I  claim  little  credit,  for  the 
scheme  which  fills  it  is  not  mine,  but  is  actually  adopted  in  its 
entirety,  and  merely  turned  to  a  new  purpose. 

Two  things  I  must  say  of  it  before  entering  into  particulars. 
First,  all  the  details  are  purely  tentative;  it  is  nothing  but  a  first 
rough  draft,  whose  faults  are  manifest.  It  is  the  method  which  I 
wish  to  commend  to  your  consideration,  the  details  would  have  to 
be  most  thoughtfully  considered  by  a  select  body  of  experienced 
men.  Secondly,  it  is  no  mere  theoretical  structure.  For  two 
whole  years  I  have  used  it,  imperfect  as  it  is,  and  have 
docketed  some  4,000  cases  with  it.  I  have  proved  its  usefulness 
by  the  great  rapidity  with  which  it  enables  one  to  elaborate 
statistics  on  any  given  matter,  thus  saving  in  one  single 
investigation  a  large  proportion  of  the  time  spent  in  its  original 
application.  For  instance,  I  recently  investigated  3,000 
applications  in  regard  to  family  history  of  cancer,  and  by 
this  method  was  enabled  to  ascertain  in  slightly  over  an  hour 
and  a  half  the  precise  incidence  of  cancer  among  the  relatives 
of  these  3,000  cases.  I  may  also  claim  that  it  requires  a 
minimum  of  time  :  after  a  short  use  of  it,  it  becomes  possible  to 
docket  cases  once  and  for  all  in  the  average  time  of  two-thirds  of  a 
minute  to  each  (549  cases  in  367  minutes),  even  if  one  has  to  take 
up  the  record  specially  for  the  purpose  :  whereas,  of  course,  if  the 
docketing  were  done  at  the  time  when  the  case  is  under 
the  consideration  of  the  medical  director,  and  all  its  features 
are  in  his  mind's  eye,  the  time  used  would  be  even  shorter.  (It 
must  also  be  remembered  that  I  have  intentionally  been  using  the 
system  with  its  fullest  detail,  so  that  a  "lumper"  would  need 
even  less  expenditure  of  time  in  operating  it.) 
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Those  of  you  who  are  interested  in  library  classification 
and  cataloguing  will  immediately  admit  that  my  claims  are 
justified  when  I  say  that  the  scheme  which  I  advocate  is 
merely  an  application  of  Melville  Dewey's  great  plan  of  "  Decimal 
Classification. "  To  others,  however,  this  conveys  no  meaning: 
and  for  them  I  must  enter  into  details.  Some  of  these  details  I 
cannot  better  give  than  in  the  words  of  the  author  of  the  system, 
modified  (if  necessary)  so  as  to  apply  to  the  new  use  to  which 
I  suggest  putting  it. 

The  essential  feature  of  the  system  is  that  it  uses  the  Arabic 
numerals  as  indicators  of  classes,  not  using  names  at  all;  but  it 
so  uses  the  numerals  that  their  arrangement  recalls  the  subject. 
This  is  effected  by  dividing  the  matter  to  be  classified  (in  the 
present  instance  the  different  sorts  of  impairments  which  may 
occur)  into  ten  main  classes.  The  ten  main  classes  which  I  have 
been  using  are  as  follows  :  (Pardon  my  emphasizing  again,  before 
giving  the  detail,  that  the  details  are  merely  accidental  and 
experimental,  and  must  be  subject,  before  any  satisfactory 
standard  could  be  agreed  on,  to  the  most  searching  criticism,  and 
probably  to  many  radical  alterations;  the  important  matter  is  the 
principle  of  the  scheme,  which  can,  however,  only  be  elucidated 
by  taking  details  as  examples.) 

000     Physique  and  Development. 

100     Family  Longevity. 

200     Diatheses  and  Zymoses. 

300     Tuberculosis. 

400     Circulatory  and  Urinary. 

500     Respiratory. 

600     Alimentary. 

700     Nervous  System. 

800     Surgical. 

900  Miscellaneous. 
It  will  be  evident  to  all  that  this  is  not  a  scientific 
classification,  for  the  last  item  at  least  has  no  scientific  basis  ;  and 
to  the  doctor's  eye  there  are  errors  from  a  scientific  point  of  view 
throughout.  But  this  is  in  accord  with  the  spirit  of  the  system. 
"  The  impossibility  of  making  a  satisfactory  classification 
"  of  all  knowledge  has  been  appreciated  from  the  first,  and 
"  theoretical  harmony  and  exactness  have  been  repeatedly 
"  sacrificed  to  practical  requirements." 

To  give  a  further  idea  of  the  system  we  will  take  a  single 
example  of  its  smaller  sub-divisions,  the  decade  numbers,  and  the 
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unit  numbers.  The  decade  numbers  are  used  (as  a  rule)  for 
individual  diseases  or  closely  allied  groups  :  the  unit  numbers 
for  details  in  regard  to  these  diseases.  This  can  be  best 
understood  by  taking  an  example.  Thus  the  decades  under  the 
century  500  (Respiratory  Diseases)  are  as  follows: 

510     Pneumonia. 

520     Pleurisy. 

530     Bronchitis. 

540     Asthma. 

550] 

5G0  L [Blank]. 


570  J 


580     Naso-pharynx. 
590     Miscellaneous  Respiratory. 
Then  530  is  further  subdivided,  in  unit  numbers. 

531  Family  History.     Subdivide  thus : 

•1      One  grandparent. 

"2     One  collateral. 

"3     One  parent. 

"4     Two  collaterals. 

*5     One  collateral  and  one  parent. 

*6     Both  parents. 

•7     Other  " two's." 

'8     More  than  two  cases. 

•9     Doubtful  cases. 

532  One  attack.     Subdivide  thus: 

'1     Less  than  five  years  ago. 
*2     Five  to  nine  years. 
'3     Ten  to  fourteen  years. 
•4     Fifteen  to  nineteen  years. 
•5     Twenty  years  or  more. 

533  Recurrent  attacks. 

•1     "  Winter  cough." 

534  Chronic  Bronchitis. 

535  Emphysema. 

536  Present  (rhonchi). 

•9     Harsh  respiratory  murmur  (general). 
537] 

538  I  [Blank] . 

539  J 

It  will  at  once  be  understood  that  many  cases  will  have  two 
or    more   numbers :  thus,  a    man    who    in    addition  to  a  family 
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history  of  bronchitis  (in  mother's  case)  had  also  had  an  attack 
himself  six  years  ago,  would  be  docketed  531  "3  and  532*2.  It  is 
perhaps  as  well  to  give  an  instance  of  a  case  with  a  number  of 
Haws — in  fact  one  so  bad  that  it  would  be  an  impossible  risk  for 
acceptance. 

Family  History. — Father  died,  at.  53  ;  apoplexy.    Father's 

father  died,  cet.  60  ;  gout. 
Personal  History. — Has  had  three  slight  attacks  of  gout 
in  toe ;  the  last  one  about  18  months  ago.  Has 
occasional  heartburn  and  acidity. 
Present  Condition. — Weight  12  st.  12  lbs.;  Height 
5  ft.  5  in.  ;  Chest  33  in.,  32  in.  :  Abdomen  31  in.  ; 
Arterial  tension  somewhat  increased,  some  accentua- 
tion of  the  Aortic  second  sound ;  slight  Albuminuria 
(in  two  specimens)  :  S.G.  1011,  1007. 

This  case  would  have  a  large  series  of  numbers,  as  follows : — 
031,  053,  221-13,  221-1,  4162,  46392,  614,  721-3. 
The  meaning  of  these  numbers  is  as  follows  : — 

034 :    More  than  25    per-cent   over  weight,  030 ;    with 

abdomen  more  than  expanded  chest,  034. 
053  :  Chest  expansion  less  than  2  inches. 
221'13:    Family    History    of    Gout,    221;    grandparent 

certain,  parent  doubtful,  221*13. 
224-l :    Personal   History  of  Gout,  two  or  more  attacks, 

224  •  last  attack  less  than  5  years  ago,  224-1. 
446-2  :    Pulse  abnormalities,    440 ;    high   tension,  446 ; 

with  accentuated  second  sound,  446-2. 
463-92  :    Albuminuria,    460  ;    slight  but  constant,  463  j 
not  known  to  have  existed  before,  463*9 ;    with  S.G. 
below  1012,  462-92. 
614  :    Dyspepsia,  610  •  recurrent  614. 
721-3:   Apoplexy,  720  ;    family  history,  721 ;  one  parent, 
721-3. 
This  seems  very  elaborate  to  read,  but  is  most  simple  once  the 
rudiments  of  the  system  have  been  mastered  ;  and  after  but  little 
practice  this  case  could  have  been  fully  docketed  with  the  eight 
numbers  given  above    in    well    under    two    minutes.     Whatever 
particular    Haw    was    being    investigated    (whether    overweight, 
albuminuria,    gout,  dyspepsia,  or  any  of   the  others)    this   case 
would  then  be  included  in  the  investigation  ;  and  of  course,  in 
dividing  either  of  these  classes  further,  the  other  numbers  would 
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be  useful ;  thus,  if  investigating  albuminuria  cases,  this  would  be 
at  once  put  in  a  most  important  sub-class,  albuminuria  in  the 
gouty;  and  so  on. 

It  will  also  be  seen  that  once  a  case  is  docketed,  a  junior 
clerk  can  be  employed  at  a  minimum  expense  to  sort  out  the 
material  for  any  investigation,  being  told  simply  what  numbers 
he  is  to  take  out  for  the  doctor  or  actuary. 

"  Wherever  practicable,  heads  have  been  so  arranged  that  each 
"  subject  is  preceded  and  followed  by  the  most  nearly  allied 
"  subjects,  and  thus  added  convenience  is  secured."  Thus  220 
Gout  comes  between  210  Rheumatism  and  230  Diabetes  (or 
Glycosuria),  to  both  of  which  it  is  allied;  so  also  510  Pneumonia 
is  followed  by  520  Pleurisy ;  and  530  Bronchitis  by  5-±0 
Asthma. 

The  system  has  been  made  easy  of  recollection  by  using  the 
same  figures  with  the  same  meanings  in  many  cases.  Thus  a 
final  "  1  "  almost  always  means  Family  History;  for  example,  to 
to  take  the  classes  already  referred  to,  211  is  Family  History 
of  Rheumatism,  221  of  Gout,  231  of  Diabetes,  511  of  Pneumonia, 
521  of  Pleurisy,  and  so  on.  For  those  who  cai'e  to  subdivide 
further,  a  set  of  decimals  is  used  to  indicate  the  particular  degree 
of  consanguinity  of  the  tainted  relatives  to  the  applicant,  and 
thus  the  strength  of  the  taint.  (This  set  of  decimals  is,  of 
course,  uniform  for  all  family  histories.)  Similarly,  in  applicants 
where  serious  disease  has  occurred  in  the  past,  and  where  the 
degree  of  impairment  may  be  affected  by  the  period  which  has 
elapsed  since  its  occurrence,  a  simple  arrangement  of  decimals 
allows  this  period  to  be  recorded. 

Decimals  are  often  used  for  matters  which  many  men  may 
consider  of  minor  importance,  but  which  some  may  deem  worth 
separating  into  different  classes.  Thus  urines  with  sugar  or 
albumen  are  divided  according  to  whether  the  specific  gravity  is 
normal  or  abnormal  [i.e.,  high  in  the  case  of  sugar,  low  in 
that  of  albumen). 

While  Dewey's  original  system  utilizes  every  one  of  the 
numbers  from  000  to  999  (in  addition  to  a  very  elaborate,  though 
unequally  distributed,  subdivision  by  means  of  decimals)  I  have 
not  found  it  necessary  to  use  the  whole  of  these  numbers.  And 
I  have  not  tried  to  fill  up  the  blanks,  for  the  numbers  thus  left 
vacant  will  find  their  use  when  additions  or  alterations  are 
required  by  the  progress  of  medical  science,  by  enabling  these  to 
be  made   without  recasting   the  whole  classification.     There  are 
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even  some  of  the  "  decade  "  numbers  vacant  besides  very  many 
of  the  "  unit "  numbers. 

One  matter  may  be  referred  to,  which  really  belongs  more  to 
the  sphere  of  the  committee  of  experts  whom  I  hope  some  day  to 
see  at  work  polishing  and  perfecting  this  scheme.  This  is  the 
question — difficult  at  first  sight — how  much  detail  is  desirable  or 
permissible.  I  say  difficult  at  first  sight,  for  I  believe  it  can  be 
solved  in  one  way  only,  by  elaborating  the  fullest  detail.  For 
adopting  this  solution  in  my  draft  I  had  three  reasons  :  first  that 
I  desired  to  find  the  weak  points  of  the  scheme,  and  to  use  it  at 
the  greatest  disadvantage  as  to  expenditure  of  time  and  trouble, 
to  see  whether  it  would  break  down  under  severe  tests.  Second, 
that  my  own  mental  temperament  leans  towards  subdivision. 
Third,  that  one  can  never  tell  when  an  apparently  unimportant 
class  may  become  of  great  interest.  Of  this  latter  reason,  let  me 
give  you  an  apposite  illustration.  When  I  made  out  my  draft, 
if  there  was  one  point  which  above  all  others  seemed  to  me  to  be 
a  needless  refinement  it  was  allotting  a  section  to  Infectious 
Diseases,  and  differentiating  the  more  important  of  them.  Thus 
we  have  281  Intiuenza,  282  Small-pox,  283  Scarlet  Fever, 
281  Diphtheria,  285  Typhoid,  and  so  on.  But  during  the  two 
years  which  have  elapsed,  a  suggestion  has  been  made,  on  high 
authority,  that  typhoid  fever  predisposes  to  that  class  of  arterial 
degenerations  which,  coming  on  in  middle  life  from  45  or  50 
onwards,  prove  so  disastrous  to  insurance  companies.  Now, 
though  it  is  on  high  authority,  I  am  somewhat  inclined  to  doubt 
this;  but  were  this  classification  in  general  use,  the  suggestion, 
which  is  most  important  if  true  (not  in  the  way  of  loading,  but  of 
putting  examiners  specially  on  their  guard  as  to  the  state  of  the 
arteries  in  such  cases)  could  have  been  definitely  proved  or 
disproved  in  six  months  by  a  comparatively  inexpensive  investiga- 
tion of  all  cases  docketed  by  the  various  companies  as  "285  '',  to 
see  whether  there  was  an  excessive  mortality  from  arteriosclerosis 
and  allied  complaints. 

The  first  of  these  reasons  for  using  much  detail  applies  to 
myself  and  to  the  preliminary  investigation  only;  the  second 
appeals  to  those  who  have  a  mental  temperament  similar  to  my 
own  ;  but  the  third  reason  must  appeal  to  all  alike  ;  and  for  that 
reason  alone  one  strongly  advocates  wealth  of  detail.  (The 
detail  need  not  in  the  least  confuse  the  use  of  the  system,  for  a 
judicious  employment  of  large  and  small  print — if  ever  it  reaches 
the  stage  of  being  printed — would  secure  entire  clearness.     This 


310  On  the  Importance  and  Practicability  of  a  [iv)\.Y 

has  been  most  successfully  done  in  Dewey's  original  classification, 
containing  some  130  pages  of  detail.) 

It  may  be  objected  that  from  many  examination  forms  in  use 
the  details  cannot  be  obtained;  and  I  know  that  the  present 
tendency  in  British  circles  is  towards  a  simplification  of  the 
examination  forms  ;  but  Britain  is  the  exception,  for  the  opinion 
on  the  Continent  and  in  America,  though  certainly  not 
unanimous,  is  strongly  on  the  side  of  a  detailed  examination 
form.  Companies  where  the  detail  is  insufficient  can  always 
omit  the  decimals,  or  even  treat  (say)  class  520  Pleurisy  as 
comprising  all  varieties  of  Pleurisy  (included  under  522  to  527 
in  my  classification,  528  and  529  being  blank  numbers).  The 
numbers  ending  with  0  are  kept  free  for  precisely  this  purpose, 
all  cases  where  details  are  deficient  being  classed  under  the 
general  head. 

This  process,  like  many  excellent  processes,  is  far  and  away 
easier  to  carry  out  than  to  describe ;  I  only  ask  that  what  I 
believe  to  be  a  thoroughly  practical  process  may  not  be  misjudged 
by  you  because  of  the  difficulty  of  explaining  it.  I  should  like  to 
conclude  with  a  quotation  from  Dewey  (for  whose  practical 
genius  I  have  a  very  high  admiration)  in  connection  with 
one  of  the  main  objections  that  theoretical  critics  have  made  to 
his  scheme. 

"  Theoretically,  the  division  of  every  subject  into  just  ten 
"  heads  is  absurd.  Practically,  it  is  desirable  that  classification 
"  be  as  minute  as  possible,  without  use  of  added  figures ;  and  the 
"  decimal  principle,  on  which  our  scheme  hinges,  allows  ten 
"  divisions  as  readily  as  a  less  number.  The  principle  has  proved 
"  wholly  satisfactory  in  practice,  though  apparently  destroying 
"proper  co-ordination  in  some  places.  The  difficulty  in  such 
"  cases  is  entirely  obviated  by  the  use  of  another  figure,  giving 
"  nine  sub-sections    to    any  subject  of   sufficient  importance  to 

"  warrant  closer  classification We  have  not  sacrificed  utility 

"  in  order  to  force  subjects  on  the  decimal  procrustean  bed. 
"  Decimals  have  been  used  as  servants,  not  as  masters.  When 
"  subjects  have  been  separated  or  combined  into  just  ten  heads,  it 
"  has  been  from  no  necessity  of  the  subject,  but  because  it  seemed 

"  the  most  useful  way,  all    things    considered There   has 

"  been  a  perverse  misapprehension  of  this  feature,  and  critics 
"oftenest  stumble  over  'procrustean  ten/  In  fact  this  is  an 
"  element  of  usefulness.  A  railroad  also  has  the  fault  that  it  is 
if  procrustean  in  its  path  and  its  times.     It  cannot  come  to  your 
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"  door,  nor  wait  your  convenience,  as  did  the  stage  coach  or 
"  carriage  ;  it  cannot  go  to  the  fields  for  its  loads  of  produce  ; 
"it  cannot  turn  out  of  the  way  for  obstacles;  and  it  is  simply 
"  because  it  is  so  procrustean  that  it  can  do  its  work  so  much 
"  better,  and  quicker,  and  cheaper.  The  parallel  could  fairly  be 
11  extended  to  many  other  cases,  but  any  thoughtful  mind  will 
"  recognize  that  the  economy  and  ease  of  working  of  the  decimal 
"  system  are  dependent  on  its  being  procrustean." 

We  are  all  convinced  of  the  importance  of  a  standard 
classification  of  impaired  lives;  have  I  been  able  to  give  you 
a  sufficient  glimpse  of  its  practicability  to  make  you  desire  to 
look  further  into  the  matter  ?  If  so,  I  venture  to  say,  I  shall 
have  justified  your  courtesy  in  permitting  an  individual  entirely 
untrained  in  actuarial  matters  to  occupy  the  time  of  this 
learned  body. 

Abstract  of  the  Discuss  io>*. 
Mr.  E.  A.  Eushee,  in  opening  the  discussion,  said  that 
the  Institute  ought  to  be  congratulated  that  Dr.  Carruthers  had 
brought  before  it  the  subject  of  impaired  lives,  which  was  of  daily 
practical  importance  to  actuaries,  and  yet  which  had  received  but 
scant  notice  at  the  Institute.  In  dealing  with  this  subject,  the 
actuary,  perhaps,  did  not  have  quite  the  same  object  in  view  as 
the  medical  officer.  He  was  concerned  mainly,  if  not  entirely, 
with  the  financial  result  of  admitting  lives  subject  to  other  than 
normal  rates  of  mortality.  Except  as  bearing  upon  that  result,  and 
as  enabling  him  to  estimate  the  susceptibility  of  a  given  life  to 
such  extra  mortality,  it  might  also  be  said  that  he  did  not  care  much 
whether  the  extra  mortality  was  caused  by  hereditary  predisposition, 
unfavourable  environment,  or  by  some  accidental  cause.  "What  con- 
cerned him  more  particularly  was  the  incidence  of  the  impairment, 
that  was  to  say.  the  way  in  which  a  number  of  lives  whose  impairment 
might  be  considered  fairly  homogeneous  were  subjected  to  an  extra 
rate  of  mortality,  at  what  age  group  or  groups  that  extra  mortality 
first  began  to  show  itself,  and  through  what  age  period  it  existed. 
In  short,  actuaries  required  the  curve  of  mortality,  whence  they  could 
deduce  the  premium  actually  required  for  lives  subject  to  the  special 
risk.  The  doctor,  on  the  other  hand,  had  in  mind  to  a  large  extent 
the  resulting  benefits  to  bis  profession  in  the  alleviation,  and  it  might 
even  be  the  elimination,  of  causes  that  tended  to  increase  the 
death  roll.  He  would  thus  seek  for  some  light  to  be  thrown  on  the 
causes  themselves,  and  on  the  period  of  life  at  which  they  exerted 
their  most  powerful  influence.  It  probably  was,  however,  the  case  that 
the  effect  upon  the  future  mortality,  and  consequently  the  premium 
chargeable,  was  quite  different  in  each  of  the  three  cases  suggested. 
Thus,  where  the  susceptibility  arose  from  hereditary  causes,  it  might 
manifest  itself  in  much  increased  mortality  rates  at  the  younger  ages, 
whilst  that  from  environment  might  either  show  the  same  incidence 
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or  might  not  exert  an  effect  till  later  on  in  life  ;  again,  that  from 
accidental  causes  might  be  fairly  well  spread  over  a  long  period  of 
life.  Thus,  though  from  different  standpoints,  the  doctor  and  the 
actuary  came  very  much  to  the  same  general  principle,  that  it  was 
necessary  to  investigate  at  least  the  main  classes  of  causes  of 
impairment,  and  if  possible  some  of  the  major  portions  of  the  sub- 
classes. 

The  paper  might  be  said  to  consist  of :  (1)  A  general  plea  for  a 
combination  of  the  experience  of  the  various  offices  on  under-average 
lives,  and  (2)  The  particular  adoption  of  the  Melville  Dewey  scheme 
of  Notation  for  classification.  Taking  the  latter  first,  he  would  like 
to  premise  his  observations  by  saying  it  was  always  easy  to  raise 
objections  to  a  particular  detail  of  any  given  scheme,  and  he  hoped 
that  Dr.  Carruthers  would  not  think  it  at  all  discourteous  or  wanting 
in  due  appreciation  of  the  power  of  the  Melville  Dewey  scheme  if,  for 
the  particular  purpose  in  hand,  he  did  not  quite  follow  him  in  his 
glowing  eulogy,  but  rather  put  in  a  plea  against  minute  sub-division 
in  gathering  material  for  such  an  investigation  as  the  author 
contemplated.  In  the  old  Institute  Experience,  facts  which  related 
to  impaired  lives  were  tabulated  in  one  heterogeneous  mass,  without 
any  distinction  whatever  of  the  different  causes  for  which  they  had 
been  classified  as  impaired.  Though  the  figures  were  sufficiently 
interesting  to  repay  a  careful  analysis,  it  was  evident  that  the  absence 
of  classification  made  them  of  very  little  practical  use  ;  but  he  could 
not  help  feeling  that  the  sub-divisions  suggested  by  Dr.  Carruthers 
went  too  far  in  the  opposite  direction.  The  number  of  lives  under 
observation  being  very  limited,  it  would  seem  to  serve  no  good 
purpose  to  adopt  a  system  of  classification  so  minute  that  it  was  quite 
conceivable  that  in  some  of  the  classes  only  one  life  might  pass  under 
observation,  and  they  might  with  confidence  look  for  a  much  more 
satisfactory  result  if  they  confined  themselves  to  a  few  main 
groupings  ;  although  even  then  the  facts  might  prove  too  few  to 
enable  them  to  base  results  upon  them  with  any  degree  of  confidence. 
Their  American  colleagues  issued  a  short  time  ago  their  "  Specialized 
Mortality  Experience",  in  which  the  lives  were  divided  up  into  98 
classes.  Although  they  dealt  with  the  whole  body  of  assured  lives, 
and  not  with  that  small  fraction  of  them  included  under  the  term  of 
"Impaired  lives",  it  was  obvious  that  in  many  of  the  classes  the 
general  results  were  practically  valueless  owing  to  the  paucity  of  data. 
An  extreme  instance  of  that  difficulty  had  come  under  his  notice 
within  the  past  few  days,  a  brother  actuary  having  informed  him  that 
upon  making  an  investigation  into  the  experience  of  his  own  office, 
having  over  13,000  policies  in  force,  he  found  that  for  the  past  six 
years  he  had  an  average  of  not  more  than  45  cases  of  impaired  lives 
of  all  classes.  Mr.  Manly's  experience,  valuable  as  it  was,  dealt  only 
with  915  cases,  although  Mr.  Manly  did  not  appear  to  have  limited 
the  investigation  to  impaired  lives,  but  on  the  contrary,  stated 
explicitly  that  only  about  half  a  dozen  were  rated  up,  and  that  they 
were  mostly  recent  cases.  It  had  been  his  (the  speaker's)  privilege 
recently  to  initiate  an  investigation  into  the  risks  on  impaired  lives  in 
a  large  assurance  company.  In  consultation  with  the  medical  officer, 
it  was  decided  to  limit  the  classification  to  14  main  heads,  and  64  sub- 
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heads.  The  work  was  at  present  only  in  its  initial  stages,  but  it  was 
already  evident  that  even  that  classification  was  too  minute,  and  that 
many  of  the  sub-heads  would  have  to  be  combined  to  obtain  useful 
results.  He  would  suggest  to  the  author  that  he  was  much  more 
likely  to  attain  the  end  he  had  in  view,  and  to  meet  with  the 
sympathetic  support  and  co-operation  of  the  actuarial  profession,  it 
he  confined  his  excellent  plan  within  narrower  limits.  In  the  second 
place,  he  was  not  at  all  convinced  that  it  would  be  advantageous  to 
adopt  Mr.  Melville  Dewey's  system  of  numerical  classification.  The 
facts  would,  of  course,  be  brought  out  in  tabular  form,  and  consist  of 
large  numbers  of  figures ;  and  it  seemed  to  him  that  it  might  save 
some  confusion,  and  possibly  be  found  preferable,  to  employ  the 
letters  of  the  alphabet  for  the  main  headings,  with  suffixes  for  the 
sub-classifications.  The  alphabetical  plan  was  that  which  had  been 
adopted  in  the  experience  to  which  he  had  referred.  Thus,  class  a 
stood  for  phthisical  taints,  the  sub-headings  being  alf  "Father 
only  died  of  phthisis ",  a.2,  "Mother  only  died  of  phthisis",  and 
so  on.  Class  b  similarly  dealt  with  rheumatic  fever  and  lesions  of 
the  circulatory  system. 

Turning  to  the  other  object  of  the  paper,  the  plea  for  a 
combination  of  the  experience  of  the  various  offices  on  impaired  lives, 
that  was  a  matter  on  which  one  could  express  the  fullest  and  most 
unqualified  approval.  To  have  an  experience  of  the  kind  would 
indeed  be  a  boon  and  a  blessing  to  the  actuary,  who  at  present  had 
nothing  but  the  most  empirical  means  of  even  approximately  gauging 
the  extent  to  which  a  life  should  be  rated  up.  There  was  at  present 
the  utmost  diversity  of  practice  in  that  respect.  One  office  would 
rate  a  man  up  so  many  years  and  charge  the  premium  accordingly, 
irrespective  of  the  period  at  which  the  extra  risk  might  become 
operative,  or  of  the  class  of  assurance.  Another  would  take  the  same 
man  at  ordinary  rates  for  an  endowment  assurance,  whilst  declining 
him  altogether  for  a  whole-life  policy ;  and  yet  another  would  charge 
a  diminishing  debt  against  the  sum  assured.  Even  with  the  small 
knowledge  that  they  already  had,  they  were  not  always  consistent, 
some  offices  dealing  with  all  impaired  lives  on  a  similar  plan,  say,  that 
of  charging  the  premium  for  a  higher  age ;  whereas  one  would  expect 
that  each  office  would  at  least  divide  its  impaired  lives  into  classes 
according  to  the  way  in  which  they  might  be  generally  expected  to 
be  subject  to  extra  mortality,  adopting,  sa}T,  the  diminishing 
debt  for  entrants  at  young  ages  with  a  family  history  of 
consumption,  and  the  extra  premium  for  those  that  might  be 
expected  to  have  a  tendency  to  gout.  That  confusion  was  due 
entirely  to  the  absence  of  reliable  information,  one  had  almost  said 
of  any  information  at  all,  and  it  would  be  a  great  step  forward  if 
they  could  obtain  an  experience  divided  into  a  few  main  classes, 
possibly  with  sub-divisions.  As  suggested  by  Mr.  Burn,  in  a 
valuable  paper  read  last  year  before  the  Insurance  Institute  of 
Toronto,  if  there  were  such  an  experience  the  medical  officers  would 
inform  the  actuaries  which  class  would  most  nearly  approximate 
to  their  ideas  of  an  impaired  life  that  came  before  them,  and  from  the 
experience  tables  the  actuary  could  estimate  the  premium  necessary 
to   cover  the  risk.     As  already  indicated,   a  start   had   been   made 
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in  that  direction  by  one  large  company,  though  a  long  time  must 
elapse,  possibly  years,  before  the  results  of  such  an  elaborate 
investigation  could  be  worked  out  to  a  practical  conclusion.  It 
would  add  materially  to  the  value  of  the  results  if  other  actuaries 
would  likewise  obtain  experience  from  the  records  at  their  disposal. 
It  might  even  be  suggested  that  now  that  the  Institute  had 
practically  completed  its  laborious  researches  into  the  rates  of 
mortality  amongst  healthy  assured  lives,  it  would  not  be  an 
inappropriate  task  for  them  to  enter  upon  a  similar  research  into  the 
comparatively  untrodden  ground  of  impaired  lives. 

Dr.  Light  thought  that  both  actuaries  and  doctors  must  feel 
grateful  to  the  author  for  his  valuable  paper  on  so  important  a 
subject,  which  especially  called  for  the  co-operation  of  the  actuary 
and  the  doctor.  The  Melville  Dewey  scheme  of  notation  and 
classification  of  under-average  lives  seemed  to  him  a  most  excellent 
method  if  elaborate  detail  were  needed,  but  from  his  experience  in  the 
classification  of  those  lives  he  could  confidently  say  that  minute 
sub-divisions  were  not  only  unnecessary,  but  they  were  impossible  for 
the  purpose  of  an  investigation  such  as  the  author  suggested.  What 
was  required  was  a  simpler  system  without  elaboration,  or  the 
Melville  Dewey  scheme  of  notation  much  simplified.  The  one  he  had 
adopted,  although  by  no  means  perfect,  was  that  described  by 
Mr.  Eusher,  in  which  the  letters  of  the  alphabet  represented  the  main 
headings  and  the  suffixes  the  classifications.  It  was  simple,  easily 
memorized,  and  rapidly  worked.  He  considered  that  more  than  one 
letter  on  the  subject  of  a  heading  would  be  liable  to  much  confusion. 
For  instance,  there  were  five  recognized  reasons  for  rating  up  a  life ; 
(1)  blemished  family  history  ;  (2)  blemished  personal  history  ; 
(3)  distinct  personal  defects  ;  (-4)  personal  conditions  of  doubtful 
medical  significance  ;  (5)  unfavourable  conditions  of  life.  He 
thought  the  great  majority  of  those  cases  would  fall  under  one 
working  heading — some  would  fall  under  two,  some  would  come 
under  three — but  in  those  compound  cases  the  one  heading  would  be 
of  greater  importance  as  compared  with  the  others,  and  be  the 
principal  reason  for  rating  up  the  life.  He  would  suggest,  to  prevent 
confusion,  that  such  a  life  be  classed  under  its  most  important 
heading,  and  any  less  important  flaws  worthy  of  record  entered 
somewhere  else  than  under  that  heading.  With  regard  to  the  first 
heading  of  blemished  family  history,  he  would  like  to  point  out 
that,  apart  from  consumption  and  cancer,  the  other  headings  were 
of  minor  importance,  and  would  not  require  any  sub-divisions, 
such  as  those  given  by  the  author  under  the  heading  of  family 
history  of  bronchitis.  As  far  as  the  result  of  his  own  investigations 
went,  it  seemed  to  him  that  all  lives  rated  up  for  personal 
blemish — for  instance,  bronchitis — would  have  to  be  placed  under 
their  main  heading,  irrespective  of  family  history  and  other 
minor  flaws,  in  order  to  get  sufficient  data  to  produce  reliable 
results.  For  the  same  reason  it  would  be  found  impracticable  to 
split  up  the  data  for  pleurisy;  but  even  if  it  were  practicable, 
he  failed  to  see  where  the  information  was  forthcoming  to 
enable  such  a  division  to  be  made.  What  they  must  hope  to  obtain 
were    reliable    average    mortality    tables    for    the    different    classes 
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of  impaired  lives.  The  present  mode  of  adjusting  advances  for 
impaired  lives  was  highly  unsatisfactory,  and  it  was  hoped  that 
by  the  combined  experience  of  the  various  offices  a  more  scientific 
method  might  be  obtained. 

Mr.  S.  G-.  Waexer  was  sure  that,  in  the  first  place,  they  all  very 
heartily  welcomed  the  author,  and  looked  upon  it  as  an  exceedingly 
pleasant  and  helpful  incident  that  a  member  of  the  medical  profession, 
with  which  the  actuarial  profession  worked  so  closely,  and  to 
which  it  owed  so  much,  should  come  and  assist  them  in  their 
deliberations  on  so  important  a  subject.  He  suggested,  in  the 
second  place,  that  the  members  might  congratulate  themselves 
on  the  fact  that  a  paper  of  the  kind  which  had  been  read  was 
brought  before  them  in  the  Spring,  when,  he  believed  (according 
to  philosophers)  human  vitality  was  at  its  highest;  otherwise,  the 
list  of  diseases  brought  before  them,  and  the  unhappy  experiences  of 
the  gentlemen  selected  as  an  illustration  of  the  working  of  the  scheme, 
might  have  had  a  distinctly  depressing  effect  upon  their  spirits.  The 
ideal  of  the  paper  was  obviously  that  extra  rating  should  be  reduced 
to  an  exact  science,  which  it  was  very  far  from  being  at  the  present 
time,  and  that  actuaries  should  be  able,  scientifically,  to  estimate  the 
mortality  of  each  class  of  impaired  lives.  He  did  not  profess  to  be 
in  any  way  an  expert  upon  the  technique  of  a  paper  like  the  one 
under  discussion.  The  particular  method  of  classification  suggested 
seemed,  on  the  assumptions  made,  to  be  a  very  good  and  clear  one, 
and  he  did  not  think  he  could  profitably  say  anything  further  about 
it,  except  to  concur  in  a  general  remark  already  made  in  regard  to 
its  excess  of  detail.  He  was  afraid  it  was  a  counsel  of  perfection,  and 
something  which  was  almost  hopeless,  that  actuaries  should  ever  look 
forward  to  having  so  vast  an  amount  of  facts  as  would  enable  them 
to  form  sound  scientific  conclusions  in  regard  to  mortality  on  so 
minutely  sub-divided  a  classification  as  that  given  by  the  author.  It 
seemed  to  him  that  if  anything  of  the  sort  were  attempted  in  any 
scheme  which  approached  in  elaboration  the  details  given  in  the  paper, 
the  investigation  must  necessarily,  before  anything  like  an  adequate 
body  of  facts  could  be  obtained,  last  so  long  that  in  the  meantime 
social  and  medical  conditions  would  substantially  alter,  so  that  many 
of  the  facts  included  in  the  earlier  part  of  the  investigation,  and 
mixed  with  those  which  came  at  a  later  period,  would  be  of  differing 
values,  and  would  go  far  to  deprive  the  results  of  scientific  value.  It 
further  appeared  to  him  that  many  of  the  somewhat  minute  flaws 
provided  for  by  the  author's  scheme  of  analysis  would  not  be  such  as 
to  bring  a  life  into  the  class  of  impaired  lives  at  all.  It  seemed  to 
him,  for  instance,  that  the  death  of  one  grand-parent  from  respiratory 
disease  would  not,  in  the  opinion  of  most  of  them,  cause  that  life  to 
be  brought  into  the  class  of  impaired  lives  ;  it  would  take  its  place 
with  the  general  average  lives  that  came  before  an  office,  and  would 
be  accepted  at  ordinary  rates.  Nevertheless,  a  class  was  provided  in 
the  paper  for  those  whose  only  flaw  appeared  to  be  the  loss  of  one 
grand-parent  by  respiratory  disease.  Further,  there  seemed  to  him 
to  be  a  somewhat  serious  and  fundamental  difficulty  when  impaired 
lives  were  regarded  strictly  from  the  statistical  point  of  view. 
It  seemed  to  him  that  the  difference,  for  such  a  purpose,  between 

VOL.  XXXIX.  Y 


322  On  the  Importance  and  Practicability  of  a  [July 

those  lives  and  the  average  lives  which  were  accepted  at 
ordinary  rates  was  not  altogether  one  of  degree  ;  it  was  almost  a 
difference  of  kind ;  because  if  reliable  mortality  tables  were  to 
be  obtained  founded  upon  statistical  information  of  that  sort, 
followed  out  into  elaborate  detail,  it  would  be  found  that  the 
circumstances  of  almost  each  individual  case  differed  widely. 
Variations  in  social  environment,  the  medical  assistance  it  was 
possible  to  procure,  and  similar  features,  made  such  wide  distinctive 
differences  as  to  upset  the  average,  and  rendered  it  very  unlikely 
that  reliable  figures  could  be  obtained  enabling  them  to  fix,  as  he 
supposed  was  the  intention,  scientific  premiums  for  impaired  lives 
on  such  a  classification  as  the  author's.  Actuaries  had  to  admit 
that  the  system  at  present  in  force  was  a  very  rough  and  ready  one, 
but  it  was  difficult  to  see  what,  for  many  years  to  come,  was  to  take 
its  place.  After  all,  important  as  the  subject  was,  it  was  a 
consolation  to  remember  that  the  backbone  of  life  assurance 
companies'  business  did  not  consist  of  impaired  lives,  but  of  lives 
which  were  considered  to  be  in  average  health ;  and  while  the 
Institute  welcomed  any  attempt  to  place  more  effectively  at  the 
disposal  of  its  members  the  resources  of  science,  enabling  them 
exactly  to  estimate  and  precisely  to  deal  with  this  smaller  class,  he 
was  afraid,  for  the  reasons  he  had  ventured  to  suggest,  that  such  a 
desirable  consummation  could  only  come  at  a  distant  date.  Of 
course  that  need  not  in  the  least  interfere  with  their  gratitude  to  the 
author  for  bringing  the  problem  before  them,  and  for  his  heroic 
attempt  at  its  solution  ;  nor  with  their  appreciation  of  the  skill  and 
ingenuity  of  that  attempt. 

The  President,  in  proposing  a  hearty  vote  of  thanks  to  the 
author  for  his  paper,  said  he  thought  there  was  undoubtedly  good 
work  yet  to  be  done  in  the  direction  indicated  ;  but  the  classification 
to  be  attempted  was  very  largely  one  which  their  medical  friends 
must  themselves  determine.  He  would  only  ask  the  author — who  he 
hoped  would,  with  his  colleagues,  pursue  the  subject  still  further — to 
recollect  that  what  actuaries  and  physicians  should  jointly  aim  at  was 
something  of  which  practical  use  could  be  made.  For  that  purpose 
he  thought  any  classification  which  was  to  be  of  everj'day  use  must 
not  be  too  elaborate.  He  did  not  wish,  however,  to  discourage  the 
author  from  the  large  amount  of  work  which  he  appeared  to  be  willing 
to  undertake  ;  and  when  he  had  elaborated  something  further  which 
he  considered  a  practical  scheme,  he  thought  the  Life  Offices  would 
not  withhold  from  him  their  collaboration  in  the  direction  of 
furnishing  material. 

The  vote  of  thanks  to  Dr.  Carruthers  was  then  put  and  carried 
with  acclamation. 

Dr.  Caeeuthees,  in  reply,  thanked  the  members  most  cordially 
for  the  very  kind  reception  they  had  given  to  his  somewhat  crude 
paper.  If  they  felt  any  gratitude  to  him  for  bringing  the  subject 
forward,  he  thought  that  this  should  be  extended  also  to  his 
valued  colleague,  Mr.  Allin,  on  whose  suggestion  he  brought 
the  paper  before  the  Institute,  and  who  had  given  him  valued 
advice  at  almost  every  step  of  the  work.  He  was  afraid, 
however,   he  had  not  made  one   point  clear.      The   criticisms   that 


1905.]  Standard  Classification  of  Impaired  Lives.  323 

had  been  raised  were  all  justified  on  two  assumptions.  With 
regard  to  impaired  lives,  his  definition  would  not  be  the  definition 
that  seemed  to  be  adopted  by  the  members  of  the  Institute. 
It  seemed  to  him  the  speakers  had  supposed  that  the  paper  only 
had  to  do  with  rated  lives.  But  it  had  to  do  with  a  much  wider 
class  than  that.  Mr.  Warner  had  referred  to  the  question  of 
one  grand-parent  suffering  from  consumption.  Of  course  that  in 
itself  was  hardly  enough  to  make  an  impaired  life,  certainly  not 
to  make  a  rated  life,  but  it  might  have  considerable  weight  in  the 
general  consideration  of  the  case.  He  believed  most  doctors  present 
would  say  that  in  the  case  of  an  applicant  who  was  a  little  under 
weight,  who  had  a  poor  chest  expansion,  and  had  a  past  pneumonia, 
even  a  grand-parent  dying  of  consumption,  would  very  likely  turn  the 
scale  heavily  against  him.  Doctors  ought  to  be  able  to  record  every 
deficiency  that  occurred  in  an  individual  life.  In  the  same  way 
Dr.  Light  had  stated  that  it  was  necessary  to  use  the  principal 
heading  mainly.  He  tried  to  do  that  at  first  ;  it  was  his  ideal ;  but 
he  would  like  Dr.  Light  to  tell  him  in  a  case  where  there  was  both 
albuminuria  and  gout  which  he  would  consider  the  principal  heading. 
They  might  want  to  consider  it  among  the  gouty  cases,  or  they  might 
want  to  consider  it  among  the  albuminuric  eases ;  and  that  was  the 
reason  why  he  laid  aside  the  method  which  Dr.  Light  had  adopted  of 
principal  headings  without  subordinate  headings.  The  second  matter 
that  seemed  to  him  to  have  been  not  clearly  understood  was  that  it 
was  never  in  his  mind  that  an  actuarial  investigation  could  possibly 
be  made,  at  any  rate  at  present,  with  all  the  minute  sub-divisions  he 
had  suggested  ;  he  had  been  looking  very  far  into  the  future.  He 
tried  to  make  it  quite  clear  that,  at  the  present  time,  a  great  many 
of  the  classes  would  have  to  be  combined.  Mr.  Rusher,  after  referring 
to  the  smallness  of  the  classes  and  the  classification,  answered  himself 
by  saying  that,  even  with  the  larger  classes  his  office  were  at  present 
working  with,  they  found  they  had  to  group  them  together.  To  his 
mind  the  principal  beauty  of  the  system  he  advocated  was  the 
absolute  ease  with  which  small  classes  that  could  not  be  dealt  with 
separately  might  be  grouped  together.  He  assured  the  members  that 
it  was  very  little  more  trouble  to  docket  a  case  with  the  smaller 
sub-divisions  than  it  was  with  the  larger  ones.  If  the  classes  were  not 
sub-divided  originally,  and  it  was  afterwards  found  that  the  advances 
of  science,  or  the  increase  in  the  number  of  lives  at  risk,  would 
enablo  the  actuary  to  investigate  the  matter  with  more  minuteness 
afterwards,  the  whole  work  had  to  be  done  again  from  the  beginning ; 
whereas  if  they  were  sub-divided  originally  they  could  easily  be 
combined  for  a  collective  investigation,  and  if  science  progressed 
further  afterwards  the  sub-divisions  were  there  already  docketed, 
and  could  be  used  without  further  expense,  either  of  money  or  of 
time.  He  was  rather  amused  to  find  that,  in  the  only  instance 
Mr.  Rusher  gave  of  his  classification,  he  had  adopted  more 
sub-divisions  than  he  (the  author)  had.  Mr.  R usher  distinguished 
between  a  father  and  a  mother  dying  of  consumption,  whereas 
he  (Dr.  Carruthers)  did  not  distinguish  between  the  two  parents ; 
they  both  came  under  class  313  in  his  classification.  Mr.  Warner 
admitted  that   the  present   system  of   dealing  with  impaired   lives 
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was  an  unscientific  one.  His  difficulty  in  dealing  with  the  question 
throughout  had  been  that  unless  the  doctors  made  a  start  in  the 
way  of  classification  nothing  could  ever  take  its  place.  If  the 
Institute  of  Actuaries  and  the  Life  Assurance  Medical  Officers' 
Association  could  see  their  way  to  take  up  the  question  of 
classification,  not  necessarily  at  all  along  the  Dewey  lines,  but 
possibly  along  the  lines  used  by  Mr.  Rusher  and  Dr.  Light,  he 
thought  it  would  be  a  great  step  in  advance. 


LAW    REPORT. 


The  judgment  of  Mr.  Justice  Buckley  in  the  case  of  Nelson  t\ 
Company ,  Limited,  involves  some  important  actuarial  considerations, 
especially  as  to  the  interpretation  of  clauses  4  and  22  of  the  Life 
Assurance  Companies  Act,  1870,  and  the  appended  extract  from 
the  judgment  (taken  from  the  Times  of  16  February  1905) 
will,  we  think,  be  of  interest  to  our  readers.  The  nature  of  the 
contract  for  the  grant  of  a  reversionary  annuity  is  sufficiently 
set  out  in  the  appended  extract  from  the  Statement  of  Claim 
lodged  by  the  Plaintiff. 

The  conclusion  of  Mr.  Justice  Buckley  upon  the  points 
referred  to  may  be  summarized  as  under : 

(1)  The  scheme  of  business  carried  on  by  the  defendants  was 
not  consistent  with  Section  4  of  the  Life  Assurance  Companies  Act, 
1870,  which  requires  that  a  separate  account  shall  be  kept  of  all 
receipts  in  respect  of  the  annuity  contracts,  and  that  the  receipts 
shall  be  carried  to  and  form  a  separate  fund  absolutely  the  security 
of  the  annuity  holders. 

(2)  The  proposed  scheme  of  reconstruction  was  not  a  reduction 
of  contracts  such  as  is  provided  by  Section  22  of  the  above-named 
Act,  on  the  ground  («)  that  the  scheme  provided  for  the  present  or 
prospective  annuitants  entering  into  a  new  contract  with  a  new 
company,  as  the  result  of  which  they  would  be  entitled  to  reduced 
contracts  with  the  old  company,  instead  of  providing  for  a  reduction 
of  contracts  directly  between  the  annuitants  and  the  old  company ; 
(b)  that  the  payment  made  by  way  of  premium  under  the  scheme 
was  not  a  separate  sum  capable  of  being  set  apart  and  appropriated, 
as  required  by  Section  4  of  the  Act ;  (c)  that  the  proposed  reduction 
of  contracts  was  one  of  inequality  as  between  the  several  policy- 
holders ;  (//)  that  no  material  benefit  was  granted  to  the  existing 
customers  of  the  company,  which  was  not  also  granted  to  its  new 
customers. 
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HIGH   COUET  OF  JUSTICE— Chawce^   Division. 

(Companies   Winding-up.) 

Before  Mb.  Justice  Buckley. 

In    re   Nelson   &   Company,   Limited. 


Extract  from  Statement  of  Claim. 
####### 

4.  The    defendants,    Nelson    &    Company,    Limited  8^Pnt 
(hereinafter  referred  to  as  "the    defendant   company") 

were  incorporated  under  the  Companies  Acts,  1862  to 
1900,  on  the  11th  day  of  July,  1901,  as  a  company 
limited  by  shares  with  a  nominal  capital  of  £101,000, 
divided  into  £1  shares.  The  primary  object  with  which 
the  company  was  incorporated  was  to  acquire  and  carry 
on  the  business  of  a  tea  dealer  theretofore  carried  on  by 
one  Rasmus  Jensen,  trading  as  "  Nelson  &  Company," 
at  Louth,  in  the  county  of  Lincoln,  and  elsewhere. 

5.  The  said  Rasmus  Jensen  had  in  the  year  1897 
inaugurated  as  ancillary  to  the  said  business  a  certain 
life  assurance  scheme.  By  the  said  scheme  the  said 
Jensen  in  his  trade  name  of  Nelson  &  Company  entered 
into  contracts  by  means  of  cards  to  purchasers  of  his 
tea  that  he  would  pay  every  woman  who  should  have 
become  a  widow  since  Christmas,  1897,  and  who  since 
that  date  should  have  purchased  not  less  than  one  half- 
pound  of  his  tea  per  week  for  the  last  five  consecutive 
weeks  previously  to  her  becoming  a  widow,  10s.  per  week 
as  long  as  she  remained  a  widow,  and  to  every  woman 
who  became  a  widow  previously  to  Christmas,  1897,  or 
previously  to  her  commencing  to  purchase  Nelson  & 
Company's  tea,  10s.  per  week  as  long  as  she  remained 
a  widow,  provided  that  she  should  have  purchased 
half-a-pound  of  tea  per  week  for  ten  years.  Customers 
who  required  only  a  quarter-pound  of  tea  weekly  and 
purchased  the  same  under  the  above  conditions  would 
receive  5s.  per  week  instead  of  10s. 

6.  The  said  scheme  was  carried  on  by  the  said  Jensen 
down  to  the  middle  of  the  year  1901,  and  at  that  time 
customers  to  the  number  of  between  150,000  and  200,000 
were  purchasing  his  tea  under  the  aforesaid  contracts. 
Widows  to  the  number  of  3,000  or  thereabouts  were  then 
already  in  receipt  of  pensions. 

7.  Consequent  upon  the  decision  of  the  King's  Bench 
Division  in  the  year  1901  that  the  business  so  carried 
on  by  Nelson  &  Company  was  that  of  a  Life  Assurance 
Corporation  within  the  meaning  of  the  "Life  Assurance 
Companies  Act,  1870,"  it  became  necessary  to  provide  the 
deposit  of  £20,000  required  by  the  said  Act.    This  necessity 


326 


Law  Report. 


[July 


•s|ll||"i"^  unci  the  fact  that  the  business  had  assumed  such  large 
proportions  led  to  the  promotion  and  incorporation  ot 
the  defendant  company  on  the  11th  of  July,  1901.  In 
the  same  month  the  sum  of  £20,000  was  deposited  in 
Court  on  behalf  of  the  defendant  company. 

8.  By  its  memorandum  of  association  the  defendant 
company  was  empowered  to  effect  insurance  for  life, 
accident  and  sickness,  to  issue  pensions  and  old  age 
pensions,  and  generally  to  transact  and  carry  on  the 
business  of  insurance  in  all  its  brandies,  and  by  article  110 
of  the  articles  of  association  registered  contemporaneously 
with  the  memorandum  it  was  provided  that  the  directors 
should  set  aside  three-fourths  of  the  profits  earned  by 
the  company  in  each  week  as  a  fund  to  meet  the  liabilities 
of  the  company  in  respect  of  the  members'  (subsequently 
by  special  resolution  altered  to  "customers'  ")  cards  issued 
or  to  be  issued  by  the  company,  and  the  sum  so  set  aside 
should  be  applied  in  discharge  of  the  current  liabilities 
thereunder,  and  in  so  far  as  in  any  week  the  whole 
amount  should  not  be  distributed  the  balance  should  be 
carried  forward  and  might  be  applied  at  the  discretion 
of  the  directors  to  make  good  any  deficiency  in  any 
future  week  or  weeks  in  respect  of  such  pensions.  But 
the  company  was  not  to  be  under  any  liability  in  respect 
of  the  said  pensions  beyond  the  amount  of  the  three- 
fourths  of  the  profits  so  to  be  earned  by  the  company, 
and  if  in  any  week  the  three-fourths  of  the  profits  should 
be  insufficient  for  the  payment  in  full  of  the  said  weekly 
pensions  the  same  might  at  the  discretion  of  the  directors 
be  abated  rateably  or  such  deficiency  might  be  made  good 
out  of  any  fund  accumulated  as  thereinbefore  directed. 


Judgment. 


Extract  from  Judgment. 
This  was  a  petition  to  wind  up  Nelson  &  Company, 
Limited,  on  the  ground  of  its  insolvency.  The  insolvency 
is  not,  and  cannot  be,  disputed.  The  only  defence  has 
been  that,  in  the  interests  of  the  unfortunate  persons 
who  are  the  policyholders  of  or  entitled  to  the 
benefit  of  annuity  contracts  in  the  company,  the  Court 
should  adopt,  with  or  without  modification,  a  scheme 
which  has  been  put  forward,  and  which  is  said  to  be  a 
scheme  for  the  reduction  of  the  company's  contracts 
under  section  22  of  the  Life  Assurance  Companies  Act, 
1870.  The  business  of  Nelson  &  Company,  Limited, 
may  be  described  as  that  of  attracting  married  women 
to  become  customers  of  the  company  and  purchasers  of 
the  company's  tea,  at  prices  largely — saj-,  40  per-cent — 
above  its  fair  market  value,  by  the  delusive  and  reckless 
promise  of  impossible  pensions  to  be  paid  to  them  if  and 
when  they  become  widows.  The  pension  scheme  rested 
upon  no  actuarial  basis  of  any  kind.     It  ignored  the  age 
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of  the  husband  on  whose  death  the  pension  would  JudSm>e.°^7I 
commence.  It  ignored  the  age  or  the  wire  during  whose 
widowhood  it  would  be  payable.  It  ignored,  with  some 
exceptions,  the  health  and  expectation  of  life  of  the 
husband.  The  loading  which  was  added  to  the  price  of 
the  tea,  and  which  may  in  a  sense  be  regarded  as  the 
premium  paid  for  the  annuity  contract,  bore  no  actuarial 
relation  whatever  to  the  liability  which  the  company  was 
undertaking.  Under  no  circumstances  could  it  have 
justified  a  pension  of  anything  approaching  10s.  a  week. 
If  the  customers  had  known  that  they  were  overcharged 
Sd.  a  pound  for  tea,  and  in  the  result  might  possibly 
during  widowhood  receive  a  pension  of,  say,  Gd.  a  week, 
the  number  of  the  company's  customers  would  probably 
have  suffered  considerable  reduction.  Even  the  8d.  a 
pound  did  not  go  to  provide  for  the  annuity  contracts ; 
it  went  into  the  general  business ;  and,  under  the  limited 
company's  contracts,  the  policyholders  could  look  only 
to  75  per-cent  of  the  profits  realised  by  its  employment 
with  the  company's  other  funds  in  the  business.  The 
offer  which  the  company  made  was  a  mere  reckless 
promise  of  impossible  pension  with  a  view  to  induce 
persons  to  become  customers  *  *  *  The  number  of 
customers  increased  rapidly,  and  ultimately  reached 
something  like  500,000  or  600,000.  The  number  of 
widows  who  became  entitled  to  pensions  increased  with 
like  rapidity  ;  and,  at  the  date  of  this  petition,  there 
were  about  12,G96  widows  entitled  to  10s.  a  week,  and 
7,08-4  widows  entitled  to  5s.  a  week,  making  a  total  of 
upwards  of  19,000  widows  entitled  to  pensions,  which 
aggregate  to  a  sum  of  between  £8,000  and  £9,000 
a  week.  There  is  actuarial  evidence  which  is  altogether 
uncontroverted  that  the  reserve  which  this  company 
should  have  had  to  meet  the  pensions  thus  payable  and 
the  company's  prospective  liability  in  respect  of  current 
contracts  which  might  result  in  pensions  is  nearly 
£30,000,000  sterling.  The  figure  is  not  accurate,  and 
cannot  be  made  accurate  without  knowing  the  ages  of 
the  lives,  a  detail  which,  as  I  have  said,  the  company 
ignored.  Making  large  deductions,  as,  for  instance,  a 
deduction  on  the  footing  that,  say,  75  per-cent  of  the 
persons  who  are  now  buying  tea  will  cease  to  buy,  and 
thus  cannot  become  entitled  to  pensions,  and  making 
certain  other  allowances,  the  reserve  ought  to  be  a  sum 
measured  at  any  rate,  by  millions — £10,000,000  would 
seem  to  be  about  the  lowest  sum.  To  meet  this  gigantic 
present  and  prospective  liability,  the  company  have 
available  for  the  annuitants  less  than  £20,000.  There 
is  the  statutory  deposit  of  £20,000,  and,  further,  a  sum 
of  about  £2,782  to  the  credit  of  the  widows'  pension 
fund.  But  from  these  has  to  be  deducted  a  sum  of 
£3,358,  which  the  company  says  has  been  paid  to  widows 


328  Law  Report.  [July 

judgment—  over  an(j  above  the  share  of  prolits  to  which  they  were 
entitled.  The  amount  available  is  thus  something  under 
£20,000,  a  sum  sufficient  to  pay,  even  in  respect  of  the 
present  current  pensions  alone,  the  amount  due  to  them 
for  little  more  than  a  fortnight.  *  *  *  In  the 
interest  of  the  unfortunate  victims  the  Court  is  asked 
to  consider  a  scheme  of  reduction  of  contracts  under  the 
Life  Assurance  Companies  Acts.  A  scheme  has  been 
brought  in.  It  is,  in  my  opinion,  open  to  insuperable 
objections  upon  several  grounds.  In  the  first  place,  it 
involves  that  this  company  shall  continue  business — 
a  course  to  which,  in  the  absence  of  overpowering  reasons 
in  the  interest  of  the  customers,  I  should  not  accede. 
Secondly,  it  proceeds  upon  a  footing  that  a  system  of 
business  shall  be  continued  by  which  customers  shall  be 
attracted  to  become  purchasers  of  tea  at  a  price  loaded 
with  a  sum  to  represent  the  premium  on  the  insurance 
benefit,  such  sum,  however,  not  being  payable  as  a 
premium  capable  of  being  dealt  with  in  manner  required 
by  Section  4  of  the  Life  Assurance  Companies  Act,  1870, 
but  included  in  a  lump  sum  which  is  to  be  dealt  with 
in  manner  indicated  in  the  scheme.  Stating  it  in  figures, 
the  matter  would  stand  somewhat  thus:  The  tea 
purchased  by  the  company  costs,  it  is  said,  1*.  3d.  to 
Is.  5d.  per  pound,  and  would  fairly  be  retailed  at  Is.  8d. 
per  pound.  Sale  of  the  tea  was  made,  and  would  under 
the  scheme  continue  to  be  made,  at  2s.  4c?.  per  pound, 
thus  providing  a  loading  of  Sd.  per  pound  to  form  the 
premium  income  to  support  the  annuity  contracts.  The 
scheme  involves  that  a  new  company  called  the  Nelson 
Trading  Company,  Limited,  shall  sell  the  tea  and  shall  pay 
75  per-cent  of  the  loading  (6c/.  a  pound)  to  this  company 
(Nelson  &  Company,  Limited),  which  shall,  as  between 
the  two  companies,  be  the  insurer  of  what  is  called  the 
insured  customer  of  the  Nelson  Trading  Company,  Limited. 
A  scheme  of  that  kind  is,  to  my  mind,  not  a  reduction  of 
contracts  of  Nelson  &  Company,  Limited.  It  is  a  scheme 
under  which  the  customer,  if  he  is  minded  to  make  a  new 
contract  with  the  Nelson  Trading  Company,  Limited,  is 
to  be  entitled  to  a  reduced  benefit  out  of  his  previously 
existing  contract  with  Nelson  &  Company,  Limited. 
This  is  not,  in  my  opinion,  within  Section  22  of  the  Life 
Assurance  Companies  Act,  1870.  That  section  authorizes 
a  reduction  of  the  contract  between  A  and  the  company, 
but  not  a  provision  by  which  A  shall  enter  into  a  new 
contract  with  a  new  company,  and  as  the  result  of  that 
shall  be  entitled  to  a  reduced  benefit  from  his  contract 
with  the  old  company.  Again,  Section  4  of  the  Life 
Assurance  Companies  Act,  1870,  requires  that  a  separate 
account  shall  be  kept  of  all  receipts  in  respect  of  the 
annuity  contracts,  and  that  the  receipts  shall  be  carried 
to  and   form  a  separate  fund  absolutely  the  security  of 
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the  annuity-bolders.  The  scheme  of  business  which  I  am  Judgine,"j^(, 
now  asked  to  wind  up,  and  the  scheme  of  reduction 
which  I  am  asked  to  approve,  is  one  under  which  the 
payment  which  the  assured  makes  by  way  of  premium  is 
not  a  separate  sum  capable  of  being  kept  separate  and 
appropriated,  as  required  by  Section  4.  The  2s.  -it/. 
per  lb.  which  she  pays  is  what  I  may  call  a  contributory 
sum  for  securing  two  benefits — the  present  receipt  of  one 
pound  of  tea,  and  the  expectation  of  a  future  sum  of 
money  contingent  upon  widowhood.  I  do  not  think  that 
this  is  consistent  with  the  Act  of  Parliament.  Another 
fatal  objection  is  that,  as  counsel  for  the  company 
conceded,  the  reduction  of  the  contracts  which  they 
propose  is  a  reduction  of  inequality  as  between  the  policy- 
holders. That  which  the  Act  allows  is  the  reduction  of 
all  contracts  to  the  relief  of  the  common  debtor,  but  not 
a  reduction  which  operates  in  inequality  as  between  the 
common  creditors.  I  do  not  mean  that  absolute 
arithmetical  equality  must  be  ensured,  but  a  scheme 
which  proceeds  upon  a  principle  of  inequality  of  reduction 
is  not,  I  think,  within  the  Act.  Again,  as  is  pointed  out 
in  the  report  made  by  Mr.  Ackland  to  the  Board  of 
Trade,  no  sort  of  benefit  is  granted  to  the  existing 
customers  of  the  company  which  is  not  granted  to  new 
customers,  unless  it  may  be  a  trifling  advantage  in 
admitting  the  old  customers  to  benefits  within  the  first 
year.  *  *  *  Another  objection  which  weighs  strongly 
with  me  is  that  the  effect  of  this  scheme  is  to  create 
what  I  may  call  a  tied  insurance  business,  under  which 
customers  are  to  pay  too  much  for  their  tea  upon  the 
terms  that  the  excess  shall  be  taken  by  them,  not  to  such 
insurance  office  as  they  like,  to  insure  an  annuity,  but 
that  they  shall  be  tied  to  Nelson  &  Company,  Limited, 
being  such  a  company  as  I  have  described,  as  their 
insurers.  I  see  no  advantage,  but  every  disadvantage,  to 
the  customer  in  this  provision.  It  is  said,  on  the  other 
hand,  that  to  reject  any  such  scheme  is  to  throw  away 
the  value  of  what  is  called — using  a  term  singularly 
inappropriate  to  the  facts  of  this  case — the  "  goodwill " 
of  the  company,  and  that  the  widows,  being  confined  to 
75  per-cent  of  the  profits,  can  get  nothing  in  the  winding- 
up  beyond  the  £20,000.  As  to  the  latter,  1  am  not  sure 
that  this  is  so  ;  but  I  say  no  more  upon  the  point,  for  it 
may  well  have  to  be  considered  in  the  course  of  the 
winding-up.  I  am  clear,  however,  that,  even  if  this  be 
so,  it  is  more  to  the  interest  of  the  policyholders  to  put 
an  end  at  once  to  this  concern,  even  if  that  which  they 
get  out  of  the  wreck  be  but  a  small  sum.  For  these 
reasons  I  think  that  the  scheme  for  reduction  of  contracts 
is  impossible,  and  cannot  be  approved,  and  I,  therefore, 
at  the  conclusion  of  the  argument,  pronounced  a  winding- 
up  order. 
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THE    LIFE   ASSURANCE   COMPANIES  OF   THE    UNITED 

KINGDOM. 


Summitry  of  the  Life  Assurance  and  Annuity  Revenue  Accounts. 
[Extracted  from  the  Parliamentary  Returns  for  1904,  published  in  1905.] 


INCOME 

Ordinary 
Companies 

Industrial 
Companies 

1 
Total 

Balance  at  the  beginning  of   the 
Year 

Adjustments,  for  one  new  Return 
(  +  £35,807)    and    for    balances 
transferred      from      Industrial 
to      the      Ordinary       Branches 
(  +  £311,836  and  -220)   .     .     . 

Premiums      ..... 
Consideration  for  Annuities  . 
Interest  and  Dividends  (less  Tax) 
Increase  in  value  of  Investments  . 
Fines,  Fees,  &c.     .... 
Capital  Paid-up     .... 
Customs  Timber  Measuring,  &c.    . 
Transfers  from  other  Accounts 
Miscellaneous         .... 

£ 
267,358,146 

+  347,423 

£ 
25,341,156 

-311,010 

£ 

292,699,302 

+  35,S07 

267,705,569 

23,903,788 

1,881.972 

9,995,582 

70,520 

13,914 

3,720 
84,247 
12,081 

25,029,540 

10,6UU,011 

108,933 

846,655 

169 

1,490 

29,043 

78,117 
9,120 

292,735,109 

34,501,399 

2,050,905 

10,842,237 

70,689 

15,404 

29,043 

3,720 

162,361 

21,201 

303,671,393 

36,763,678 

340,435,071 

OUTGO 

Ordinary 
Companies 

Industrial 
Companies 

Total 

Claims  ...... 

Cash   Bonuses  and   Reduction   of 

Premiums          .... 
Surrenders    ..... 
Annuities      ..... 
Commission  ..... 
Expenses  of  Management 

Bad  Debts 

Decrease  in  value  of  Investments  . 
Interest  on  Capital  and  Dividends 

and  Bonuses  to  Shareholders 
Transfers  to  other  Accounts  . 
Miscellaneous         .... 
Balance*  at  the  end  of  the  Year    . 

£ 
16,727,301 

1,191,123 
1,599,106 
2,030,031 
1,245,945 
2,031,476 
4,194 
426,373 

532,901 

336,191 

9,232 

277,537,214 

£ 
3,944,927 

375 

61,354 

140,742 

2,667,517 

1,934,592 

500 

9,249 

546,095 
347,289 

27,111,038 

£ 

20,672,231 

1,191,498 
1,660,460 
2,170,773 
3,913,462 
3,966,068 
4,694 
435,622 

1,078,990 

683,783 

9,232 

304,648,252 

303,071,393 

36,763,678 

340,435,071 

*  This  Balance  includes  the  whole  of  the  Life  and  Annuity  Funds  (£300,51 5,449), 
and,  iu  addition,  the  Capital,  &c.,  of  Companies  whose  business  is  limited  to  Life 
Assurance  only. 
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LIABILITIES 

Ordinary 

Companies 

Industrial 
Companies 

Total 

I" 

£ 

£ 

Paid-up  Capital  (including  sundry 

Shareholders'  Balances) 

11,521,685 

1,945,620 

13,167,305 

Life  and  Annuity  Funds 

274,240,114 

-•^75,335 

300,515,449 

Fire    Funds  of   Companies  trans- 

acting Life  Business  . 

13,582,612 

... 

13,5S2,612 

Marine  Funds  of  Companies  trans- 

acting Life  Business . 

899,573 

... 

899,57;'. 

Reserve  Funds       .... 

1,497,941 

1,380,225 

5,878,166 

Other  Funds           .... 

3,0^- 

279,639 

3,368,099 

Profit  and  Loss  Balances 

4,996,426 

10,508 

5,006,934 

Depreciation  and  Investment  Ba- 

lances        ..... 

2,37-1, 196 

43,307 

2,417,803 

Glohe  Annuitants  (Liverpool  and 

London)    

1,654,200 

1,654,200 

Outstanding  Claims 

4,388,165 

15,676 

4,403,841 

Outstanding  Accounts  . 

684,001 

50,126 

740,427 

Temporary  Loans  .... 

663,723 

14,813 

678,536 

322,591,396 

30,021,549 

352,612,945 

ASSETS 

Ordinary 
Companies 

Industrial 
Companies 

Total 

£ 

£ 

£ 

Mortgages 

88,709,427 

3,123,745 

91,833,172 

Loans  on  Policies  .... 

16,017,692 

91,708 

16,109,400 

,,        Bates     .... 

29,120,871 

10,353,488 

39,474^359 

British  Government  Securities 

7,543,498 

2,129,551 

9,673,049 

Indian   and  Colonial  Government 

Securities  ..... 

19,212,644 

500,141 

19,712,788 

Foreign  Government  Securities 

10,101,179 

402,87V 

10,507,056 

Debentures    ..... 

60,588,158 

2,558,667 

63,146^25 

-  and  Stocks 

39,180,305 

719,579 

39,899,884 

Companies'  own  Shares 

640,160 

640,160 

Land    and    House    Property   and 

Ground  Bents    .... 

25,831,771 

8,122,095 

33,953,866 

Life  Interests  and  Reversions 

8,982,173 

2,353 

8,984,526 

Loans  on  Personal  Security  . 

1,82" 

4,107 

1,830,053 

Agents'  Balances  and  Outstanding 

Premiums           .... 

5,928,998 

672,011 

6,601,009 

Outstanding  Interest     . 

3,013,480 

260,614 

3,274,124 

Cash,  Deposits,  Stamps,  &c.  . 

5,552,382 

401,360 

5,953,742 

Customs   Timber   Measuring    Ba- 

lances, &c.          .... 

2,035 

.  . . 

2,035 

Deficiencies,    Establishment     Ex- 

penses, &c.         .... 

i 

337,737 

679,160 

1,016,897 

322,591,396 

30,021,549 

352,612,945 
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Increase  (  +  )  or  Decrease  (  — )  in  the  Chief  Items  of  this  Year's 
Summary  as  compared  with  the  corresponding  Items  for  the 
previous  Year. 


Ordinary 

Industrial 

Companies 

Companies 

Income. 

£ 

£ 

Premiums 

+ 

905,200 

+ 

331,715 

Consideration  for  Annuities 

— 

130,159 

+ 

*165,513 

Interest  and  Dividends  (less  Tax) 

+ 

512,885 

+ 

70,106 

Net  Result  of  Realization  and  Ke-valuation 

of  Investments     ..... 

- 

224,876 

- 

6,806 

Outgo. 

Claims         ....... 

+ 

382,979 

+ 

28,536 

Annuities   ....... 

+ 

88,884 

+ 

*  132,097 

Surrenders ....... 

+ 

206,363 

+ 

10,924 

Commission         ...... 

+ 

55,301 

+ 

114,223 

Expenses  of  Management    .... 

+ 

79,541 

+ 

54,491 

Liabilities. 

Paid-up  Capital  (including  sundry  Share- 

holders9 Balances)        .... 

+ 

118,844 

+ 

118,348 

Life  and  Annuity  Funds     .... 

+ 

9,254,161 

+  : 

2,125,156 

Assets. 

Mortgages  (including  Loans  on  Kates) 

+ 

4,601,126 

+ 

720,225 

Life  Interests  and  Reversions 

+ 

593,412 

+ 

3 

Loans  on  Policies        ..... 

+ 

1,134,934 

+ 

22,718 

British  Government  Securities    . 

— 

161,895 

+ 

49,517 

Indian  and  Colonial  Government  Securities 

— 

139,885 

+ 

36,422     | 

Foreign  Government  Securities  . 

- 

331,530 

+ 

26,564 

Debentures          ...... 

+ 

4,841,601 

+ 

167,242     : 

Shares  and  Stocks       ..... 

+ 

1,205,206 

+ 

426,306 

Companies'  own  Shares       .... 

+ 

18,142 

... 

Land    and    House    Property    and    Ground 

+ 

1,358,357 

+ 

961,356 

Loans  on  Personal  Security 

+ 

289,092 

+ 

1,480 

*  Including  the  figures  of  "Nelson  &  Co." 


NUMBER    OF    COMPANIES. 

The  total  number  of  Companies  appearing  in  the  above  Summary  is  96,  of 
which  75  are  classed  as  Ordinary,  12  as  Industrial,  and  9  appear  in  both 
Classes,  the  Returns  of  these  Companies  showing  the  Ordinary  and  Industrial 
business  separately.  The  accounts  of  the  Aberdeen  Accountants,  British 
Endowment  Tea,  British  Widows'  and  Edinburgh  Accountants  are  included  for 
the  first  time. 

During  the  year  one  name  has  been  removed  from  the  Official  List  of 
Companies,  namely,  British  Empire  ;  which  Company  has  amalgamated  with  the 
Pelican.  And  two  names  have  been  added,  namely,  Manufacturers'  Life 
Insurance  Company,  Limited ;  and  the  Popular  Life  Assurance  Company, 
Limited ;  in  which  cases  the  Board  of  Trade  have  issued  their  Warrant  under 
the  provisions  of  Section  1  of  "  The  Life  Assurance  Companies  Act,  1872." 
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[Maby  of  the  Assurances  in  Force,  as  shown  by  the  last  Returns  of  the  Companies. 

ORDINARY    BUSINESS. 


AaBlTBAHCES. 
ale  Term  of  Life 
lited  number  of 
'remiums   . 


lents  . 
lent    Assur 


mvor 
ent 


Anxuities. 
lediate 
J  rred 


With  Profits 


No. 


•89,070  377,252,662 
51,666    32,970,814 


310,736  110,223,476 
1,716         415,139 

1,079,796177,219,129 
16,833      3,320,445 


819 

34 

11 

3,784 


677,890 

62,763 

25,250 

1,856,341 


1,9-13,729  593,800,433 


Without  Profits 


No. 


149,172    71,040,801 
12,379     5,159,200 


938,242  44S,293,463 
64,015   38,130,014 


161,551    76,200,001 
20,832     4,938,179 


77,895 
2,671 
1,058 
4,209 
1,519 

21,101 


21,633,546 

953,105 

1,542,122 

6,264.'j73 

5,453,771 

14,393,18b 


290,836 131,378,885 


Total 


No. 


1,002,287  486,423,477 
22,548,     5,353,318 


1,157,691198,852,675 

19,504      4,273,55U 

2,220,012 

6,327,736 

5,479,02] 

16,249,529 


1,877 
4,243 
1,530 

21,^5 


.         -  725,179,318 


37,707   1,990,251 
14,865    403,838 


52,572   2,394,089 


Re-assur- 
ances Net 

!     Amount 

Amount 


£  £ 

27,983,894  420,309,569 
2,252,628  35,877,386 


30 


,236,522 

18,500 

020,980 
267,026 
383,390 
436,130 
,586,744 
,901,s52 


456,1S6,955 
5,334,818 

195,831,695 
4,006,524 
1,836,622 
4,891,606 
3,892,277 
14,347,677 


38,851,144  686,328,174 


52,931   1,937,320 
22,431    381,407 


75,362  2,318,727 


INDUSTRIAL    BUSINESS— (Sickness  and  Friendly  Society  Contracts  not  included). 


ISSFRAXCES. 

">le  Term  of  Life 
.ted  number  of 
eniiums    . 


lents  . 
lent    Assur- 


ent 
neous 


Vnmtities. 
Mediate 


With  Profits 


16,381 


21,244,372  206,837,210 
323  6,127 


252 
140 


45 


437 


16,381 
42,475 

2,599 


61,455 


Without  Profits 


No. 


Amount 


21,244,695  206,843,33 
1,639,620   15,582,940 

517,997  5,179,187 

408,182;  6,549,345 

4  1,910 

2  2,100 


23,810,500,234,158,819 


Total 


No. 


Amount 


21,244,624  206,853,591 
323  6,12 

21,244,947  206,859,718 
1,639,760    15,625,415 

518,042  5,181,786 

408,182  6,549,345 

4  1,910 

2  2,100 


23,810,937  234,220,274 


7'-' 


2,034 
310 


2,344 


Re-assur- 
ances 


1,180 


1,180 


400 
1,000 


2,668 


Net 

Amount 


£ 
!06,852,411 

6,127 


206,858,538 
15,625,115 

5,181,698 

6,549,345 

1,510 

1,100 


234,217,606 


2,034 
310 


2,344 


above  figures  are  based  on  Returns  deposited,  for  tbe  most  part,  during  tbe  past  five  years,  and 
refore,  merely  an  approximation  to  the  amount  of  contracts  in  force  at  the  present  time.     In  the 

two  Companies,  namely,  the  Customs  Fund  and  the  Northern,  the  amount  of  business  at  a  more 
late  has  been  included.  The  figures  of  the  Colonial  and  Foreign  Companies  have  been  excluded,  as 
?turn*  do  not  show  separately  the  extent  of  business  in  the  United  Kingdom. 
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CORRESPONDENCE. 


THE  NOTATION   OF   PENSION   FUND   PROBLEMS. 
To  the  Editor  of  the  Journal  of  the  Institute  of  Actuaries. 

Sin, — It  will  probably  not  cause  surprise  if  I  dissent  from  the 
views  on  this  subject  expressed  by  Mr.  Lidstone  in  his  letter  in 
the  April  number  of  the  Journal.  I  quite  think  that  it  may 
be  possible  later  on  to  simplify  the  notation  relating  to  Pension  Fund 
problems,  but  the  time  has  not  yet  come,  and  I  do  not  think  any 
good  purpose  would  be  served  by  the  Council  of  the  Institute  trying  at 
present  to  prescribe  an  official  notation.  So  far  not  much  has  been 
written  on  Pension  Fund  problems,  and  we  have  not  yet  had 
sufficient  experience  as  to  what  would  be  the  best  notation.  It  was 
long  before  an  official  notation  was  adopted  in  other  branches  of 
actuarial  enquin',  and  the  Council  of  the  Institute  took  up  the  matter 
only  when  a  general  agreement,  more  or  less  complete,  had  already 
been  arrived  at.  Similarly,  in  the  case  of  Pension  Funds,  we  must, 
I  think,  wait  until  further  experience  has  been  gained. 

Mr.  Lidstone's  suggested  symbols  are  an  illustration  of  this  point. 
He  proposes  to  use  six  good  symbols  where  I  use  only  one,  and  with 
our  short  alphabet  we  cannot  afford  such  extravagance.  It  is 
difficult  enough  now  to  find  a  sufficiency  of  symbols,  and  when  the 
investigation  of  Pension  Fund  problems  has  further  developed,  the 
difficulty  will  be  increased.     Therefore,  we  must  not  be  prodigal. 

I  cannot  see  where  difficulty  comes  in  with  regard  to  the  symbol  F 
for  the  valuation  factors,  and  my  experience  is  that  this  symbol,  with  its 
affixes,  is  easily  read,  and  the  meaning  of  it  in  its  various  phases 
is  instantly  grasped.  I  may  add  that  this  is  the  view  taken  by 
many  students  and  others,  who  have  spoken  to  me  on  the  subject, 
and  who  would  deprecate  a  change.  So  far  from  Mr.  Lidstone's 
proposal  tending  towards  lucidity,  a  great  many  think  it  would  only 
produce  obscurity. 

The  case  might  be  different  if  we  could  abolish  the  affixes  altogether, 
but  they  are  required  for  the  commutation  symbols,  and  I  do  not  see 
how  they  can  be  dispensed  with  there.  That  being  so,  there  is  no 
harm  in  retaining  them  for  the  valuation  factors,  thus  having  a 
symbol  that  explains  itself  at  sight. 

I  remain, 

Your  obedient  Servant, 

GEORGE  KING. 
15.  Walbrooh,  E.C. 

1  June  1905. 


[Mr.  Lidstone  asks  us  to  publish  the  following  remarks  with 
reference  to  the  above  letter. — Ed.  J.I. A.] 

By  the  courtesy  of  Mr.  King  and  the  Editor  of  the  Journal,  I 
have  had  the  opportunity  of  reading  the  above  letter  in  proof,  and 
of  sending  a  few  words  in  reply  for  insertion  in  the  current  number 


1905.]  Correspondence.  335 

of  the  Journal.  It  is,  of  course,  not  in  the  least  surprising  that 
Mr.  King  should  personally  prefer  to  adhere  to  the  Notation  which 
he  himself  devised  and  employs  in  practice,  and  which  is  therefore 
familiar  to  him,  rather  than  to  adopt  any  new  Notation.  The 
question  is,  however,  one  in  which  differences  of  opinion  may  well 
arise,  and  it  will,  no  doubt,  be  eventually  settled  by  the  general  body 
of  professional  opinion  after  independent  consideration  of  the  various 
Notations  which  may  be  suggested.  The  Journal  is,  perhaps,  not 
a  fitting  place  for  a  detailed  discussion  of  the  subject,  and  the 
comparative  merits  of  the  two  Xotations  can  be  sufficiently  appreciated 
by  inspection  of  the  symbols  given  in  parallel  columns  in  my  letter 
on  p.  209  of  the  current  volume  of  the  Journal.  I  would  only  add 
that  Mr.  King  hardly  seems  entitled  to  claim  that  he  has  used  only 
one  symbol,  as  compared  with  six  suggested  by  me,  when  the  fact  is 
that  his  one  symbol,  namely,  F,  is  so  little  distinctive  that  it  has  to  be 
supplemented  by  no  less  than  seven  subsidiary  symbols — in  addition 
to  the  letters  representing  ages,  which  appear  equally  in  both  systems. 

G.  J.  L. 


ON  THE  VALUATION   OF  POLICIES  EN   GROUPS. 

[We  have  received  the  following  interesting  letter  from 
our  esteemed  Corresponding  Member,  Herr  Altenburger,  as  to 
the  paper  by  Mr.  F.  Bell,  published  in  the  present  volume  of 
the  Journal. — Ed.  J.I.A.] 

To  the  Editor  of  the  Journal  of  the  Institute  of  Actuaries. 

Deae  Sir, — I  have  read  with  very  great  interest  the  discussion 
which  followed  the  reading  of  Mr.  Fred.  Bell's  paper  relative  to  the 
calculation  of  reserves  in  groups ;  and  as  my  name,  and  the  letters 
I  had  the  honour  to  address  in  this  matter  to  the  Journal  (xxxiv, 
p.  150  ;  xxxv,  p.  332)  have  been  frequently  mentioned,  I  think  it 
necessary  to  explain  my  standpoint  concerning  the  valuation  of 
policies. 

It  is  true,  that  the  method  dealt  with  in  my  letters  is  almost 
generally  used  in  Germany  and  in  Austria  (not  here  in  Hungary), 
but  this  fact  is  due  to  the  circumstance  that  Actuaries  in  these 
countries  have  not  liberty  to  make  their  valuations  according  to  any 
principles  which  commend  themselves  to  them,  their  companies  being 
under  the  control  of  governments,  which  do  not  permit  a  free  choice 
of  the  methods  and  bases  of  valuations.  In  Austria,  for  example, 
it  is  not  permissible  to  use  the  method  invented  forty  years  ago  by 
the  late  Dr.  Zillmer  (see  J.J.A.,  xv.,  p.  420),  which  is  almost 
identical  with  the  method  explained  by  Dr.  Sprague  at  the  Brussels 
Congress  {Transactions  of  the  First  International  Congress  of 
Actuaries,  p.  ISO,  et  seq.),  but  it  is  compulsory  to  make  the 
valuation  on  a  net  premium  basis,  although  the  rate  of  interest 
may  be  taken  as  4  per-cent,  even  where  the  funds  do  not  yield  a 
higher  rate. 

The  position  of  Actuaries  is  then  : — Valuations  have  to  be  made 
annually,  the  basis  of  this  work   is  invariable  for  a  long  term  ;    is 
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it  not  natural  that  Managers  and  Actuaries  search  for  means 
whereby  their  work  can  be  simplified  ?  These  are  the  reasons  of 
the  origination  and  the  wider  adoption  of  the  method  in  question. 

Fortunately  the  outlook  seems  more  promising.  Governments 
and  Directors  begin  to  give  more  regard  to  the  principles  of  actuarial 
science  ;  and  I  think  that  in  five  or,  perhaps,  ten  years,  there  will  be 
no  obstacle  to  the  adoption  of  the  ingenious  method  of  Mr.  Lidstone 
also  in  the  countries  referred  to. 

I  am,  Dear  Sir,  with  the  expression  of  my  greatest  respect, 

Truly  yours, 

JULIUS    ALTEN BURGER. 
V.,  Maria  Valeria-ut.,  15«.,  Budapest,  Hungary. 
14  February  1905. 


BOARD  OF   TRADE   COMMITTEE. 

The  President  of  the  Board  of  Trade  has  appointed  the  following 
Committee — Mr.  J.  G.  Butcher,  K.C.,  M.P.  {Chairman),  Mr.  Henry 
Cockburn  (President  of  the  Institute  of  Actuaries),  Mr.  Stuart  Sim 
(Chief  Registrar  of  Friendly  Societies),  and  Mr.  G.  S.  Barnes 
(Comptroller  of  the  Companies'  Department  of  the  Board  of  Trade), 
with  Mr.  H.  A.  Payne  as  Secretary — to  inquire  as  to  the  operations 
of  Companies  (not  being  life  assurance  companies)  which  collect 
periodical  payments  from  the  industrial  classes  in  return  for  benefits 
promised  in  the  future,  and  whether  it  is  desirable  that  there  should 
be  any  restrictions  on  such  Companies,  or  any  Government  supervision 
of  their  transactions,  and  to  report  to  the  Board  of  Trade. 


ERRATUM. 


The  last  two  lines  on  p.  141  of  the  present  volume  are 
misplaced,  and  should  be  transposed  to  the  top  of  the  same  page. 
This  error  has  been  corrected  in  the  later  issues  of  the  Journal 
for  April  1905. 
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Social  Conditions  as  affecting  Widows1  and  Orphans'  Pension 
Funds.  By  S.  J.  H.  W.  Allix,  F.I.A.,  of  the  Mutual  Life 
Insurance  Company  of  New  York. 

[Read  before  the  Institute,  1"  April  1905.] 

J.HE  subject  of  Widows'  and  Orphans'  Pension  Funds  occupies 
but  a  very  small  space  in  the  pages  of  the  Journal  of  our 
Institute.  Indeed,  until  Mr.  Manly's  classic  paper  was  written 
in  1903  (J.I.A.,  xxxviii,  pp.  101  et  seq.)  there  had  appeared  no 
paper  from  which  the  student  could  glean  any  information  on 
this  branch  of  our  work. 

Mr.  Manly  dealt  with  the  subject  from  a  theoretical  point 
of  view,  theoretical  in  fact,  though  practical  in  application. 
He  showed  the  methods  by  which  such  Funds  could  be  readily 
valued,  and  if  he  did  not  actually  invent,  at  all  events  first 
brought  to  public  notice  the  advantage  of  the  collective  method 
of  tabulating  facts.  The  tables  exhibited  in  his  paper,  however, 
though  voluminous,  must  be  regarded  as  almost  entirely 
theoretical;  indeed,  in  his  reply  to  the  discussion  that  followed 
the  reading  of  the  paper,  he  himself  states  that  they  were  not  put 
forward  as  standard  tables,  but  were  only  constructed  to  show  the 
way  in  which  an  experience  should  be  worked  up. 

It  seems  strange  at  first  sight,  in  view  of  the  comparatively 
large  number  of  these  Funds  in  existence,  that  Mr.  Manly  should 
have  been  so  hampered  in  his  preparation  of  tables  for  want 
of  suitable  statistics.     This  state  of  things  is,  however,  probably 
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due  to  the  fact  that  most  of  these  Funds  are  of  small  size,  and 
the  experience  to  be  derived  from  them  as  regards  probabilities  of 
marriage  and  issue  would  be  so  small  as  to  be  worthless. 

If,  however,  we  dealt  with  effects,  and  not  causes,  there 
is  no  reason  why  we  should  not,  as  suggested  by  Mr.  Lidstone,  go 
to  the  living  instead  of  the  dead  for  our  figures,  and  by  doing  so 
we  may  learn  much,  even  from  Funds  of  limited  dimensions. 
We  could  extend  the  principle  even  further  and  combine 
the  experience  of  two  or  more  Funds,  where  the  circumstances  and 
surroundings  of  the  members  in  the  different  Societies  are 
the  same,  or  approximately  so,  but  of  course  in  doing  this 
great  caution  would  be  necessary.  If  the  experiences  of  all 
the  Societies  at  present  in  existence  were  taken  out,  we  might 
obtain  a  series  of  tables  applicable  to  different  classes  of  Funds.* 
With  such  tables  in  hand,  which  might  be  adjusted  to  meet 
special  requirements,  the  Actuary  would  feel  more  confidence  in 
the  truth  of  his  valuation  results  than  he  often  does  in  the  present 
day,  with  practically  only  two  standard  tables  to  fall  back 
on,  namely,  those  of  Huie  and  Hewat. 

Another  advantage  in  applying  the  collective  method  to  the 
living,  to  which  I  believe  attention  has  not  been  drawn,  is  that 
we  get  an  experience  more  "up  to  date",  except  in  the  case  of 
very  large  funds  where  the  data  from  deaths  can  be  taken  for 
the  last  few  years  only  and  yet  be  of  sufficient  size  for  a 
satisfactory  experience.  The  decrease  in  the  rate  of  mortality, 
which  has  been  experienced  not  only  among  assured  lives, 
but  among  the  population  at  large,  has  only  progressed 
slowly  in  accordance  with  improvement  in  medical  science 
and  hygiene,  but  in  obtaining  statistics  for  use  in  the  valuation 
of  Widows'  and  Orphans'  Funds,  we  have  other  factors 
to  deal  with,  namely,  the  marriage  rate,  the  marriage  age,  and 
the  probability  of  issue.  As  regards  the  last,  we  know  that 
in  some  countries  the  birth  rate  has  declined  considerably,  and  it 
is  probable  that  in  this  country  families  are  smaller  than  was  the 
case  some  years  back.  Under  these  circumstances  it  seems 
to  be  worth  while  to  consider  the  matter,  and  see  how  far 
these  conclusions  are  borne  out  by  facts  gleaned  from  actual 
experience,  and  to  what  extent  they  affect  our  valuation. 

*  It  is  not  suggested  that  these  Tables  should  be  actually  used  for  valuations, 
but  that  they  would  be  of  great  use  for  the  purpose  of  comparison  where  the 
Fund  which  is  being  valued  is  of  small  size  and  the  data  to  be  obtained 
therefrom  consequently  more  or  less  unreliable. 
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Shortly  after  Mr.  Manly's  paper,  to  which  I  have  referred, 
was  read,  I  had  submitted  to  me  for  valuation  the  Presbyterian 
Church  of  England  Ministers'  Widows'  and  Orphans'  Fund,  and 
took  the  opportunity  of  applying  the  collective  method  to  the 
experience  obtained  therefrom,  and  the  results  seem  to  prove 
that  further  investigation  into  this  field  would  not  be  fruitless. 

A  brief  description  of  the  Fund  will  probably  be  interesting, 
and  is  in  some  respects  necessary  before  considering  its  experience. 

The  Presbyterian  Church  of  England  Ministers' 
Widows'  and  Orphans'  Fund. 

In  1870  it  was  decided  by  the  Synod  of  this  Church  to 
establish  a  Fund  to  provide  for  the  Widows  and  Orphans  of  the 
deceased  ministers,  and  a  nucleus  of  capital  was  obtained  by 
means  of  donations  and  subscriptions.  All  ministers  and 
professors  holding  office  in  the  Church  at  the  date  of  formation 
were  eligible  as  members,  and  from  the  time  of  the  adoption 
of  the  scheme  everyone  inducted  to  a  ministerial  charge  was 
required  to  become  a  member  of  the  Fund. 

The  Fund  is  maintained  by  contributions  of  members,  and  by 
annual  subscriptions  and  donations. 

Full  information  as  to  ages  of  members,  their  wives  and 
children,  are  obtained  on  their  joining  the  Fund,  and  enquiries 
are  made  annually  in  order  to  keep  the  facts  up  to  date. 
The  managers  take  the  greatest  care  to  see  that  these  annual 
returns  are  obtained  in  every  case. 

Benefits. — An  annuity  of  £30  to  the  widows  that  may  be  left 
by  members,  payable  so  long  as  they  remain  widowrs.  An 
annuity  of  £10  to  orphans  until  they  attain  the  age  of  eighteen 
years.     There  are  also  one  or  two  minor  benefits. 

Contributions. — All  ministers  holding  employment  in  the 
Church  must  become  members,  and  remain  such  until  death  or 
retirement,  paying  a  yearly  subscription  of  £o.  In  the  latter 
event  happening,  the  member  may  leave  the  fund  without 
withdrawing  any  benefit,  or  he  can  continue  a  member  by  paying 
an  increased  contribution.  Marriage  and  induction  fees  are  also 
charged. 

Age  at  entry. — As  every  minister  in  this  Church  has  to 
undergo  a  six  years'  collegiate  course,  it  follows  that  the  average 
age  at  entry  is  comparatively  high.  In  his  report  on  the  Fund, 
dated  31  December  1881,  the  late  Mr.  T.  Y.  Strachan,  who  was 
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the  Consulting  Actuary,  states  that  the  average  age  at  ordination 
was  twenty-nine,  and  there  is  reason  to  believe  that  there  has 
been  very  little  variation  in  this  respect  up  to  the  present  time. 

A  valuation  of  the  Fund  has  been  made  every  three  years, 
and  as,  through  the  courtesy  of  the  widow  of  the  late  actuary,  all 
the  valuation  papers  have  been  placed  at  my  disposal,  I  am  able 
to  give  the  following  table,  which  shows  the  number  of  members, 
their  status,  and  the  number  of  their  children  for  each  valuation 
year  since  1880. 

Table  I. 

Table  showing  the  status  of  Members  for  various  gears  {i.e.,  ivTiether 
Married,  Widowers  or  Bachelors),  together  with  the  number  of 
their  Children  tinder  18  gears  of  age. 


Valuation 
Year 

No.  of 

Members 

Married 

Per- 
cent 

Widowers 

Per- 
cent 

Bachelors 

Per- 
cent 

Children 
under 
age  18 

No.  Of 

Children 

per 

family 

(1) 

(2) 

(3) 
214 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 
2-67 

1881 

263 

81-4 

8 

30 

41 

156 

571 

1884 

317 

246 

77-6 

15 

■±•7 

56 

17-7 

634 

2-57 

1887 

331 

265 

80-1 

16 

4-8 

50 

151 

601 

226 

1890 

350 

267 

763 

16 

4-6 

67 

19-1 

567 

212 

1893 

372 

298 

80-1 

13 

35 

61 

16-4 

561 

1-88 

1896 

397 

313 

78-9 

14 

3-5 

70 

17-6 

573 

1-83 

1899 

427 

340 

79-6 

10 

2-4 

77 

18-0 

575 

1-69 

1902 

443 

347 

78-4 

13 

2-9 

83 

18-7 

569 

1-63 

It  will  be  noticed  that  the  percentage  of  married  men  to  total 
members  has  remained  fairly  constant  throughout;  moreover, 
when  the  size  of  the  Fund  is  borne  in  mind,  there  does  not 
appear  to  be  more  variation  in  the  proportion  of  widowers  and 
bachelors  than  might  have  been  expected. 

When,  however,  we  come  to  consider  the  average  number  of 
children  per  family,  it  will  be  seen  that  there  has  been  a  persistent 
decline  at  each  valuation  period.  From  2*67  per  family  in  1881 
the  number  was  reduced  to  163  in  1902,  or  practically  38 
per-cent.  So  large  a  reduction  in  the  average  size  of  the  families 
must  carry  weight  in  a  true  valuation  of  the  liabilities  of  a  Fund, 
and  it  is  desirable  to  ascertain  if  possible  its  origin.  The 
three  most  probable  causes  are: — (1)  increased  age  at  entry, 
(2)  increased  age  at  marriage ;  this  would  practically  be  accounted 
for,  but  not  necessarily,  by  cause  (1)  existing ;  (3)  the  personal 
limitation  of  the  size  of  families. 

The  following  table  shows  the  numbers  alive  on  the  Fund 
below  age  35  at  four  valuations,  during  the  period  1881  to  1902, 
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NUHBKB 

of  Members 

Age 

1 

Tear  1881 

Year  1887 

Year  1890 

Year  1902 

(1) 

(2) 

(3) 

(4) 

(5) 

Below  25 

1 

1 

2 

r-i 

25-29 

12 

14 

23 

15 

30-34 

40 

45 

56 

5G 

There  seems  to  be  nothing  in  these  figures  to  indicate 
any  substantial  increase  to  the  age  at  entry,  and  this  is 
confirmed  from  information  supplied  by  the  Managers  of  the 
Fund. 

In  the  late  Mr.  Strachan's  report  of  December  1881,  he 
states  that  the  average  age  of  the  husband  at  marriage  was  30' 7 
years,  and  the  corresponding  age  of  the  wife  262.  These 
statistics  refer  to  first  marriages  only,  but  as  the  second  marriages 
are  few  in  number,  their  exclusion  does  not  alter  the  figure  to  any 
appreciable  extent. 

An  investigation  on  the  same  lines  in  1902  discloses  the 
fact  that  the  husband's  average  age  at  date  of  marriage  wTas 
31  3,  or  an  increase  of  roughly  seven  months,  while  the  wife's 
average  age  was  273,  or  approximately  thirteen  months  greater 
than  was  shown  by  the  1881  figures.  These  differences  in  ages  are 
not  sufficient  by  themselves  to  account  for  the  large  diminution 
in  the  size  of  the  families,  which  is  probably  chiefly  due  to  the 
third  cause  suggested. 

The  actual  effect  of  the  increased  marriage  age  and  the 
decline  in  the  birth  rate  was  next  investigated. 

The  methods  indicated  by  Mr.  King  were  employed.  (See 
J.I.A.,  xxxviii,  pp.  166-167.) 

Widows'  Pensions. 

The  following  tables  show  the  number  of  married  men  living 
at  each  age,  and  the  ages  of  their  wives.  The  value  of  the 
widow's  annuity  is  also  given  at  each  age  of  the  husband, 
obtained  by  summing  the  annuities  at  the  corresponding  ages  of 
the  wives,  and  dividing  by  the  number  of  husbands.  The  actual 
annuities  used  were  Carlisle  3  per-cent  with  "5  added  to  make 
them  continuous.  As  the  statistics  at  the  older  ages  were 
insignificant,  all  ages  above  64  in  the  1881  observations,  and 
75  in  the  1902  observations  were  excluded. 
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Table  III. 

Table  shoiving  the  number  of  Married  21  en  at  each  age  in  1881, 
with  the  corresponding  ages  of  their  Wives,  and  Widows'1 
Annuities,  by  Carlisle  3  per-cent. 


Average 

Age  of 
Husband 

Number 

value  of 

of  cases 
Married 

Ages  of  Wi\ 

es 

Widows' 
Annui- 

ties 

(1) 

(2) 

(3) 

(4) 

25 

1 

22 

21-80 

26 

1 

23 

.  21-60 

27 

... 

28 

2 

25 

25 

2116 

29 

1 

29 

20-26 

30 

2 

30 

37 

1974 

31 

6 

25 

31 

32 

32 

26 

29 

20-26 

32 

4 

23 

31 

33 

40 

19-63 

33 

6 

25 

25 

26 

31 

31 

34 

20-36 

34 

8 

22 

29 

30 

32 

32 

34  35 

45  . 

19-48 

35 

4 

25 

28 

29 

32 

20-43 

36 

7 

25 

26 

29 

36 

37 

37  42 

19-29 

37 

8 

27 

31 

32 

34 

35 

37  37 

38  . 

1942 

38 

7 

28 

31 

34 

36 

37 

38  38 

18-99 

39 

11 

24 

28 

29 

29 

34 

35  36 

36  37  42  42 

19-14 

40 

11 

24 

26 

29 

30 

31 

33  34 

35  40  41  41 

1931 

41 

6 

31 

32 

34 

35 

36 

42  . 

1  18-90 

42 

12 

26 

25 

31 

32 

32 

33  34 

37  38  39  41  3£ 

!   1913 

43 

8 

36 

37 

39 

41 

44 

44  46 

47  . 

17-21 

44 

7 

31 

31 

32 

41 

45 

46  48 

1782 

45 

9 

35 

36 

38 

42 

43 

43  45 

46  46 

1729 

46 

6 

34 

42 

45 

45 

46 

47  . 

16-83 

47 

9 

31 

37 

38 

43 

43 

45  47 

48  48 

1706 

48 

3 

47 

48 

49 

15-48 

49 

8 

41 

42 

44 

45 

45 

48  49 

50  . 

16-15 

50 

6 

38 

41 

42 

43 

43 

53  . 

1669 

51 

3 

49 

51 

52 

1455 

52 

4 

42 

44 

45 

47 

1648 

53 

3 

47 

48 

51 

15-24 

54 

9 

40 

40 

47 

48 

50 

50  51 

52  57 

1520 

55 

7 

41 

46 

49 

50 

53 

54  62 

14-40 

56 

7 

42 

45 

47 

49 

51 

51  51 

15-39 

57 

2 

54 

55 

13-11 

58 

4 

44 

52 

55 

59 

1371 

59 

4 

39 

44 

48 

54 

15-83 

60 

4 

47 

52 

53 

61 

1330 

61 

62 

5 

55 

56 

57 

57' 

59. 

1219 

63 

3 

45 

52 

56 

14-31 

64 

2 

57 

58 

12-42 

These  results  are  of  course  too  small  to  successfully  perform 
a  graduation,  and  the  observations  were  therefore  gathered  into 
quinary  groups  for  ages  25-29,  30-34,  &c,  and  the  values  of  the 
widows'  annuities  were  found  as  stated  above. 

The  average  annuity  to  the  widow  of  a  husband  dying  was 
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Table  IV. 

Table  showi 

ng  the  number  of  Married  Men  at 

each  age  in  1902, 

with    the  corresponding    ages    of  their    Wi 

ves,    and   Widows' 

Annuities,  by  Carlisle  3  per-cent. 

Xo.  of 

Average 
value  of 

Age  of 

cases 

Ages  of  W .  • 

Widows 

I  us  band 

Married 

Annui- 
ties 

0) 

(2) 

(3) 

(-0 
1958 

30 

7 

29 

30     30     31     34     35     36          . 

31 

9 

27 

27     30     31     32     32     33     34     35  . 

1979 

32 

4 

34 

29     30     32 

20-33 

33 

5 

29 

29     31     33     33 

19-84 

34 

7 

23 

30     30     31     32     34     33          .         . 

1997 

35 

12 

30 

31     31     32     32     32     33     34     34     34 

34    34      . 

1949 

36 

12 

21 

37     31     34     36     36     37     38     38     38 

38    40      . 

18-99 

37 

7 

29 

31     35     38     39     39     44 

18-52 

38 

11 

30 

31     31     32     33     34     39     40     40     33 

38     • 

18-98 

39 

9 

32 

32     37     39     40     41     48     39     39  . 

17-99 

40 

13 

33 

33     34     35     36     36     38     38     39     39 

41     46     46       . 

18-15 

41 

9 

28 

31     32     34     35     36     37     39     42  . 

18-91 

42 

8 

33 

34     38     38     38     40     42     42 . 

18-13 

43 

8 

26 

31     37     38     39     42     43     49  . 

18-06 

44 

7 

34 

38     38     41     42     43     44 

17'65 

45 

13 

31 

43     44     36     39     40     40     42     42     45 

4s     43     43 

1632 

46 

15 

28 

38     38     40     40     40     40     42     42     43 

44     45     47     50     45 

1723 

47 

12 

30 

34     37     40     40     40     43     45     48     50 

58     43      . 

16-89 

48 

15 

32 

35     35     36     37     41     44     47     48     48 

48     52     52     51     50 

16'55 

49 

7 

28 

42     45     46     48     51     59          . 

15-90 

50 

7 

36 

41     46     50     51     52     54 

15-53 

51 

12 

39 

39     39     43     48     50     52     52     52     53 

55 

i7      .         .         . 

15-15 

52 

5 

40 

46     47     49     53        . 

15-67 

53 

5 

44 

44     52     53     55        . 

1478 

54 

10 

43 

45     47     47     51     51     51     52     54     55 

14-S4 

55 

9 

38 

43     47     50     50     53     54     55     56  . 

1476 

56 

9 

46 

46     33     4S     50     50     51     53     55  . 

15-31 

57 

4 

43 

46     56     58 

1430 

58 

8 

40 

50     50     54     56     56    58     59 . 

13-58 

59 

7 

4S 

53     54    55     58     58    59 

12-88 

60 

10 

43 

46    49    49     50    50    57     57     57     62 

11-88 

61 

11 

42 

44     48     48     47     54     56     57     57     62 

63 

13-73 

62 

4 

38 

53     57     63 

13-51 

63 

9 

40 

47     49     54     56     59     59     60     62  . 

13-11 

64 

5 

39 

41     58    61     67 

13-29 

65 

6 

42 

52     52     53     67     67 

12-73 

66 

8 

43 

48     56    57     60    66     67     67 

11-77 

67 

5 

55 

62     66     68     69        . 

9-75 

68 

3 

58 

68    69      . 

936 

69 

2 

69 

70     . 

7-81 

70 

1 

63 

10-07 

71 

3 

60 

62     63 

10-34 

72 

2 

50 

67     . 

11-76 

73 

3 

46 

65     69 

11-50 

74 

2 

48 

68     . 

11-93 

75 

5 

61 

61     67     70     78 

833 

t 

aus  found  for  the  central  age  of  each  group. 

These  results  were 

t 

ben  plo 

tted 

out  on  C 

ross 

rule 

d  paper 

and  rou 

ghly 

graduated  by 
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the  graphical  process.  The  graduations  are  exhibited  in  Diagrams 
I  and  II.  The  preliminary  figures  and  the  graduated  annuities 
are  given  in  Tables  V  and  VI,  and  in  order  to  show  the  effect  of 
the  graduation,  the  ungraduated  annuity-values  are  reproduced 
in  Table  VI. 

Table  V. 

Table  showing  value  of  Widows1  Annuities  at   Central  Age. 
Carlisle  3  per-cent. 


1881 

1902 

Number 

Value  of 

X  umber 

Average 

Age  of 

Wife 

Value  Of 

Age  of 

of 

Age  of 
Wife 

Annuity  at 

Age  of 

of 

Aniui 

Husband 

Married 
Men 

Central 
Age 

Husband 

Married 

>Un 

Central 
Age 

0) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(S) 

25-29 

5 

2475 

21-20 

30-34 

26 

31-12 

1991 

30-31 

32 

30-7 

19-27 

35-39 

37 

32-44 

19  34 

35-39 

51 

3533 

18-86 

40-44 

44 

3678 

18-58 

40-41 

45 

37-66 

1795 

45-49 

35 

4416 

16-74 

45-49 

62 

42-68 

16-66 

50-54 

25 

4414 

15-69 

50-54 

39 

48-72 

15-16 

55-59 

24 

50-04 

14-70 

55-59 

37 

5124 

14-23 

60-64 

14 

54-6 

12-99 

60-64 

39 

52-92 

13-32 

65-69 

65-74 

35 

61-83 

11-05 

75 

5 

61-4 

833 

[For  Table  VI,  see  page  345.] 

Attention  may  be  drawn  to  the  fact  that  by  dealing  with 
the  numbers  living,  we  are  not  hampered  with  having  to  treat 
first  or  second  marriages  separately,  all  married  men  being  included 
in  the  above  table,  whether  married  for  the  first  time  or  not. 

The  central  age  of  the  wife  for  each  group  is  shown  merely 
for  the  purpose  of  comparison,  and  was  not  used  in  obtaining 
the  annuity-values. 

The  fact  that  the  groups  were  taken  for  ages  25-29,  30-34, 
&c,  may  cause  criticism,  but  it  will  be  noticed  that  curiously  the 
youngest  married  man  in  1881  was  age  25,  and  in  1902  was  30. 
In  view  of  the  small  range  of  the  experience  it  was  thought  well 
to  include  the  younger  ages  instead  of  starting  at  ages  28  and  33 
respectively.  Very  searching  enquiries  are  also  made  by  the 
managers  of  the  Fund  to  verify  ages,  and  certificates  of  birth 
have  to  be  furnished  when  a  claim  arises.  This  fact  being  known 
to  members,  tends  to  correct  any  carelessness  in  giving  statistics, 
so  that  probably  no  great  error  is  involved. 

A  study  of  Diagrams  I  and  II  shows  how  slight  the  graduation 
has  been,  the  general  form  of  the  curves  being  seen  at  a  glance 
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Table  VI. 

Table  showing  Ungraduated  and  Graduated  values  of  continuous 
Annuities,  payable  from  the  death  of  a  Husband  to  the  Widow 
for  remainder  of  her  life.     Carlisle  3  per-cent. 


1881 

1902 

Age  of 

Ungraduated 

Graduated 

Ungraduated 

Graduated 

Husband 

Annuity-Value 

Annuity-Value 

Annuity-Value 

Annuity-Value 

(1) 

(2) 

(3) 

(4) 

(5) 

25 

21-80 

213 

26 

21-60 

21-2 

27 

— 

21-1 

28 

2116 

210 

29 

20-26 

208 

30 

1974 

20-7 

19-58 

19-6 

31 

2026 

20-5 

19-79 

195 

32 

19-63 

20-2 

20-33 

19-4 

33 

20-36 

20-0 

19-84 

19-2 

34 

19-48 

19-9 

19-97 

19-1 

35 

20-43 

19-7 

19-49 

19-0 

36 

19-29 

19-5 

18-99 

18-9 

37 

1942 

19-3 

18-52 

18-8 

38 

18-99 

19-0 

18-98 

18-6 

39 

19-14 

18-8 

1799 

18-5 

40 

1931 

18-6 

18-15 

18-3 

41 

18-90 

18-3 

18-91 

18-1 

42 

19-13 

18-1 

18-13 

178 

43 

1721 

179 

1806 

17-5 

44 

17-82 

17-7 

17-65 

17.2 

45 

1729 

17-4 

16-32 

170 

46 

1683 

171 

17-23 

16-8 

47 

17-06 

16-9 

16-S9 

166 

48 

15-48 

16-7 

16-55 

16-3 

49 

1615 

16-4 

15-90 

161 

50 

1669 

161 

15-53                  15-9 

51 

14-55 

15-9 

15-15                  15'6 

52 

16-48 

15-6 

15-67                  15-3 

53 

15-24 

15-4 

14-78                  15-1 

54 

15-20 

151 

14-84 

14-9 

55 

14-40 

150 

14-76 

14-6 

56 

15-39 

14-8 

15-31 

14-4 

57 

13-11 

14-5 

14-30 

14-2 

58 

1371 

14-3 

13-58 

140 

59 

15-83 

140 

12-88 

13-8 

60 

13-30 

13-8 

11-88 

13-6 

61 

— 

13-5 

13-73 

13-4 

62 

1219 

131 

1351 

13-2 

63 

14-31 

12-9 

13-11 

130 

64 

12-42 

1 

2-5 

13-29 

12-8 

65 

1273 

12-5 

66 

1177 

12-2 

67 

9-75 

120 

68 

9-36 

11-7 

69 

7-81 

11-5 

70 

10-07 

11-2 

71 

10-34 

10.9 

72 

11-76 

10-5 

73 

11-50 

10-1 

74 

11-93 

9-8 

75 

833 

9-4 

346 


Social  Conditions  as  affecting 


[Oct. 


from  the  parallelograms  for  each  group  of  five  years,  and  it  would, 
I  think,  be  comparatively  easy  to  trace  the  curve  to  higher  ages 
without  involving  much  error.  It  is  submitted  that  the  annuities 
brought  out  represent  fairly  closely  the  actual  experience  of  the 
Fund. 

Orphans'  Annuities  were  dealt  with  in  a  similar  manner. 
The  annuities  used  for  this  purpose  were  calculated  from  the 
Table  of  Children's  Mortality  given  by  Mr.  Manly  on  page  115  of 
Vol.  xxxviii  of  the  J. I. A.,  with  interest  at  3  per-cent.  The 
formula  used  for  the  annuity  was  that  given  by  Mr.  King  in 
his  paper  on  "Family  Annuities"  (J.I.A.,  vol.  xxx,  p.  291), 
namely  : 


i 


^r+i  18-x-i  —  2  +  4  (  °XlS-x  +  ax  +  l  18-x-l|  +  Ox  is-x-l   +  Ox  +  l  18-x-2|  ) 

The  following  table  shows  the  values  of  the  annuities  used 
for  the  various  ages. 


Table  VII. 

Values  of  Temporary  Annuities  to  Children  ceasing  at  age  18. 
Mr.  Manly* s  Table  of  Children  s  Mortality  at  3  per-cent 
(J.T.A.,  xxxviii,  115). 


Year  of  Age 

Value  of  Annuity 

(1) 

(2) 

0-  1 

12525 

1-  2 

12394 

2-  3 

11-913 

3- '4 

11-369 

4-*  5 

10791 

5-  6 

10-180 

6-  7 

9-536 

7-  8 

8-859 

8-  9 

8-149 

9-10 

7410 

10-11 

6-646 

11-12 

5-831 

12-13 

5-036 

13-14 

4135 

14-15 

3304 

15-16 

2-395 

16-17 

1-459 

17-18 

•492 

The  number  of  children  existing  at  each  age  arranged  in 
quinquennial  groups  according  to  the  age  of  the  father,  is  given 
in  Tables  VIII  and  IX,  and  the  value  of  the  orphan's  annuity  at 


the  central  age  is  also  shown. 
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These  figures  were  then  graduated  in  a  manner  similar  to  that 
employed  for  Widows'  Annuities,  and  the  results  are  shown  in  the 
following  table,  while  the  actual  graduations  are  to  be  seen 
in  Diagrams  III  and  IV.  I  may  say  that  I  am  not  satisfied  that 
these  curves  are  the  most  satisfactory  that  could  be  obtained,  but 
it  is  not  suggested  that  the  results  should  be  used  in  practice, 
and  I  was  anxious  not  to  depart  from  the  original  data  further 
than  was  necessary  to  obtain  a  smooth,  continuous  curve.  It  will 
be  noticed  that  the  general  outlines  of  the  curves  are  very 
similar. 

Table  X. 

Table  showing  the  value  on  the  death  of  a  Husband  of  a  Continuous 
Annuity  to  each  surviving  child,  to  be  continued  till  age  18 
is  attained.  {Mr.  Monty's  Table  of  Children's  Mortality  at 
3  per-cent.) 


1881 

1902 

1881 

1902 

Age  of 

Age  of 

Father 

Graduated 

Graduated 

Father 

Graduated 

Graduated 

Annuity-Value 

Annuity- Value 

Annuity-Value 

Annuity-Value 

(1) 

(2) 

(3) 

(1) 

(2) 

(3) 

23 

•1 

50 

21-3 

11-2 

24 

•9 

51 

193 

99 

25 

2-2 

52 

17-5 

9-0 

26 

46 

53 

15-8 

8-4 

27 

7-0 

•3 

54 

14-3 

7-9 

28 

95 

•9 

55 

131 

7-4 

29 

12-0 

2-0 

56 

12-0 

69 

30 

14-0 

3-7 

57 

in 

65 

31 

160 

5-8 

58 

10-3 

61 

32 

17-8 

8-9 

59 

9-6 

5-8 

33 

195 

12-4 

60 

8-9 

5-4 

34 

21-1 

14-9 

61 

8-3 

5-0 

35 

227 

165 

62 

7-8 

4-7 

36 

24-1 

177 

63 

73 

4-4 

37 

25-4 

18-7 

64 

6-9 

4-1 

38 

266 

19-2 

65 

3-8 

39 

27-7 

19-7 

66 

35 

40 

28-7 

20-0 

67 

33 

41 

295 

20-1 

68 

3-0 

42 

30-3 

20-0 

69 

2-8 

43 

30-8 

19-9 

70 

2-5 

44 

30-7 

19-6 

71 

23 

45 

301 

19-2 

72 

2*2 

46 

29-2 

18-4 

73 

2-0 

47 

279 

173 

74 

1-8 

48 

26-1 

156 

75 

49 

237 

132 

The  differences  in  these  annuity-values  will  be  seen  to  be  very 
considerable,  and  indicate  the  effect  of  some  existing  cause  which 
is  responsible  for  the  decrease  in  the  size  of  families. 
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So  far  only  married  men  have  been  dealt  with,  and  I  now 
proceed  to  show  the  effect  on  the  annuity-values  when  bachelors 
and  widowers  are  included.  Mr.  Manly,  in  his  paper  on  the 
subject,  found  the  relative  number  of  bachelors,  widowers  and 
married  men  living  at  each  age,  and  adjusted  his  commutation 
columns  accordingly.  There  is,  however,  no  theoretical  reason 
why  the  annuity-values  should  not  be  operated  upon  in 
the  first  instance,  and  special  values  of  Cx  and  Mx,  obtained 
therefrom.  There  appear  also  to  be  some  advantages  in  the 
alternative  method  suggested  as  we  can  more  readily  see  the  effect 
of  including  the  bachelors  and  widowers  by  comparing  annuity- 


Table  XI. 

Table  showing  proportion  of  Married  Men  tiring  at  each  age  in 
quinary  groups,  and  value,  by  Carlisle  3  per-cent,  of 
Continuous  Annuity  at  Central  Age  to  Widows,  deduced  from 
the  number  of  Married  Men,  and  of  all  Members. 


Age  of 
Member 

X  mnber  of 
Members 

Number  of 
Married  Men 

Ratio  of 

Married  Men 

to  total 

Members 

Value  of 
Annuity  at 

Central  Age 
deduced  from 
Married  Men 

Value  of 

Annuity  at 

Central  Age 

deduced  from 

all  Members 

0) 

& 

(3) 

(4) 

(5) 

(6) 

188 

.  Experience 

20-24 

1 

0 

•o 

0 

•o 

25-29 

12 

5 

•417 

21-20 

8-83 

30-34 

40 

26 

•650 

19-91 

1294 

35-39 

43 

37 

•860 

19-34 

1664 

40-44 

51 

44 

•863 

18-58 

1603 

45-49 

40 

35 

•875 

1674 

14-65 

50-54 

29 

25 

•862 

15-69 

13-53 

55-59 

28 

24 

•857 

14-70 

12-60 

60-64 

14 

14 

1-000 

12-99 

1299 

190: 

!  Experience 

20-24 

1 

0 

•o 

•o 

•o 

25-29 

15 

o 

•o 

•o 

•o 

30-34 

56 

32 

•571 

19-27 

1101 

35-39 

66 

51 

•773 

18-86 

14-57 

40-44 

62 

45 

•726 

17-95 

1303 

45-49 

69 

62 

•899 

16-66 

14-97 

50-54 

44 

39 

•886 

1516 

1344 

55-59 

40 

37 

•925 

14-23 

1316 

60-64 

10 

39 

•975 

13-32 

12-99 

65-69 

29 

24 

•827 

10-96 

907 

70-74 

13 

11 

•846 

10-65 

9-47 

75 

8 

7 

•875 

833 

7-29 
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values  than  by  comparing;  commutation  columns.     Also  if  some 

,     ,  .  , ,  t         t    i  married  men 

standard  tables  were  prepared,  and  the  ratios  — T. ; were 

1  all  members 

given   in  addition   to   the  annuity-values   for  both   married  men 

and  all  members,  it  would  be  in  many  cases  comparatively  easy  to 

adjust  such  standard  tables  to  meet  the  ease  of  a  Fund  in  which 

the  average  age  at  marriage  and  the  birth  rate  agreed  with  the 

standard,  but  in  which  there  was  a  larger  or  smaller  proportion  of 

married   men.     Of   course  adjustment  must  be  made  in  respect 

of  widowers'  children,  and  for  the  purpose  of  children's  annuities 

Table  XII. 


Table  showing  proportion  of  Married  Men  living  at  each  age  in 
quinary  groups,  and  value  of  Continuous  Annuity  to  each 
surviving  child,  to  age  18,  deduced  front  the  number  of 
Married  Men,  and  of  all  Members.  (Mr.  Manly' s  Table  of 
Children's  Mortality,  at  3  per-cent.) 


Age  of 
Member 


0) 


Xo.  of 
Members 


<-2) 


Xo.  of 

Married 

Men 

00 


Ratio  of 

Married  Men 

to  total 

Members 

(4) 


Value  of 

Annuity  at 

Central  Age 

deduced  from 

Married  Men 

(5) 


Value  of 

Annuity  at 

Central  Age 

deduced  from 

all  Members 

(6) 


18S1  Experience 


20-21 

1 

25-29 

12 

30-34 

40 

35-39 

43 

40-44 

51 

45-49 

40 

50-54 

29 

55-59 

28 

60-64 

14 

26 
37 
11 
35 
25 
24 
14 


0 

117 

650 

860 

863 

S75 

862 

S57 

000 


•o 

7-36 
1765 
2-1-47 
25-83 
32-09 
17-51 
11-39 

8-04 


0 
307 
11-47 
21-06 

2S-28 
1509 

9-42 
8-04 


1902  Experience 


20-24 

1 

25-29 

15 

30-34 

56 

35-39 

66 

40-44 

62 

45-49 

69 

50-54 

44 

55—59 

40 

60-64 

40 

65-69 

29 

70-74 

13 

75 

8 

0 
0 
32 
51 
45 
62 
39 
37 
39 
24 
11 
7 


•0 

•0 

•571 

•773 

•726 

•899 

•886 

•925 

•975 

•827 

•846 

•875 


•0 

•0 

9-84 

18-33 

18*87 

17-78 

9-21 

658 

7'56 

■77 

1-91 

•0 


•0 

•0 

562 

1416 

13-70 

1598 

816 

609 

737 

•64 

162 

'0 
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Table  XIII. 
Value  on  the  death  of  (1)  a  Married  Man,  and  (2)  any  Member,  of  a 
Continuous  Annuity  for  the  remainder  of  life   to  his    Widow, 
by   Carlisle  3  per-cent. 


Age 

at  death 

0» 

1881  Experience 

1902  Experience 

Annuity-Value 
applicable  to 

Married  Man 
(2) 

Annuity-\  alne 

applicable  to 

any  Member 

(3) 

Annuity-Value 

applicable  to 

Married  Man 

(4) 

Annuity-Value 

applicable  to 

any  Metnljer 

(5) 

23 

24 

25 

21-3 

2V6 

26 

21-2 

4-2 

27 

211 

6-1 

•3 

28 

21-0 

8-4 

1-5 

29 

20-8 

101 

32 

30 

207 

11-6 

19-6 

56 

31 

20-5 

12-9 

19-5 

85 

32 

20-2 

13-9 

19-4 

107 

33 

20-0 

14-8 

192 

12-3 

34 

199 

156 

19-1 

13-4 

35 

197 

162 

190 

14-1 

36 

19-5 

16-6 

18-9 

14-5 

37 

19-3 

16-8 

18-8 

14-7 

38 

19-0 

16-9 

18-6 

14-8 

39 

18-8 

16-8 

18-5 

148 

40 

186 

16-7 

183 

14-7 

41 

18-3 

165 

181 

146 

42 

18-1 

16-2 

17-8 

145 

43 

17-9 

15-9 

175 

14-4 

44 

177 

15-6 

17-2 

14-3 

45 

174 

153 

17-0 

141 

46 

17-1 

15-0 

16-8 

14-0 

47 

16-9 

147 

16-6 

139 

48 

16-7 

145 

16-3 

13-8 

49 

16-4 

14-2 

16-1 

137 

50 

161 

14-0 

15-9 

136 

51 

159 

13-8 

15-6 

13-5 

52 

156 

136 

15-3 

13-4 

53 

15-4 

134 

15-1 

133 

54 

151 

132 

14-9 

131 

55 

15-0 

130 

146 

12-9 

56 

148 

129 

11-4 

12-8 

57 

145 

128 

11-2 

126 

58 

143 

127 

140 

125 

59 

140 

12o 

13-8 

123 

60 

138 

124 

136 

121 

61 

135 

122 

134 

119 

62 

131 

120 

132 

11-7 

63 

129 

11-8 

130 

11-6 

64 

12-5 

11-7 

12-8 

11-4 

65 

12-5 

11-2 

66 

12-2 

110 

67 

120 

10-8 

68 

117 

105 

69 

115 

103 

70 

11-2 

101 

71 

109 

9-8 

72 

105 

9-6 

73 

101 

94 

74 

9-8 

91 

75 

9  4 

8-9 

1 
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Table  XIV. 
Value  on   the  death   of  (1)  a  Harried  Man,  and  (2)  any  Member, 
of  Continuous  Annuities  to  each   of   the   children  until  they 
attain   the  age   of    18.       (Mr.   Manly' s    Table   of  Children's 
Mortality  at  3  per-cent.) 


Age 
at  Death 

1881  Experience 

1902  Experience 

Annuity-Value 
applicable  to 
Married  Man 

Annuity-Value 
applicable  to 
any  Member 

Annuity-Value 
applicable  to 
Married  Man 

Annuity-Value 
applicable  to 
any  Member 

(1) 

(2) 

(3) 

(4) 

(5) 

23 

•1 

24 

•9 

•1 

25 

22 

•6 

26 

4-6 

1-5 

27 

70 

26 

•3 

•1 

28 

95 

42 

•9 

"2 

29 

120 

6-0 

2-0 

7 

30 

140 

80 

37 

15 

31 

160 

10-0 

5-8 

30 

32 

178 

11-9 

89 

5-0 

33 

19-5 

138 

124 

75 

34 

211 

157 

14-9 

10-1 

35 

227 

176 

16-5 

123 

36 

24-1 

19-4 

17-7 

136 

37 

251 

210 

187 

144 

38 

266 

226 

19-2 

15-0 

39 

277 

240 

197 

153 

40 

28-7 

253 

200 

15o 

41 

29o 

265 

201 

15-6 

42 

303 

274 

200 

15-6 

43 

30-8 

280 

19-9 

15-5 

44 

3o-7 

28-0 

196 

15-2 

45 

301 

27-0 

192 

14-7 

46 

29  2 

25-4 

18-4 

137 

47 

279 

233 

173 

123 

48 

261 

213 

156 

10-9 

49 

237 

19o 

132 

10-0 

50 

213 

17-8 

11-2 

9-2 

51 

193 

162 

9-9 

8-6 

52 

175 

148 

90 

8-1 

53 

158 

135 

8-4 

7-6 

54 

14-3 

122 

7-9 

72 

55 

131 

11-2 

7-4 

68 

56 

120 

104 

6-9 

64 

57 

111 

9-7 

65 

61 

58 

103 

9-1 

6-1 

57 

59 

96 

86 

5-8 

54 

60 

89 

81 

5-4 

50 

61 

83 

7-6 

5-0 

47 

62 

7-8 

72 

47 

44 

63 

73 

68 

4-4 

42 

64 

6-9 

65 

4-1 

39 

65 

38 

36 

66 

35 

33 

67 

... 

33 

31 

68 

30 

29 

69 

28 

27 

70 

2-5 

2-4 

71 

23 

22 

72 

22 

2-0 

1    8 

2-0 

19 

1-8 

1-7 
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they  must  be  treated  as  married  men.  The  method  suggested  was 
employed  in  the  present  instance,  and  the  foregoing  Tables  XI 
and  XII,  obtained  from  the  figures  in  Tables  V,  VIII  and  IX, 
show  the  process  in  full. 

The  annuities  for  the  central  ages  were  then  graduated  by  the 
graphic  method  (Diagrams  III,  IV  and  V)  and  the  results  are  given 
in  the  foregoing  Tables  XIII  and  XIV.  For  the  purpose  of 
comparison  the  annuities  applicable  to  the  widows  and  progeny 
of  married  men  are  reproduced. 

Probably  owing  to  paucity  of  facts,  there  is  considerable 
irregularity  in  the  proportion  of  married  men  to  total  members, 
and  more  severe  graduation  had  to  be  employed  than  in  the  case 
of  the  annuities  applicable  to  married  men  only.  The  general 
form  of  the  curve  is  however  apparent. 

The  result  of  the  investigation  shows  (1)  that  there  has  been 
an  increase  in  the  marriage  age  of  the  husband,  and  that  with 
this  increase  there  has  been  a  correspondingly  larger  increase  in 
the  age  of  the  wife ;  (2)  that  the  number  of  children  per  family 
shows  a  considerable  decline.  Whether  the  increase  in  the 
marriage  age  wrould  be  shown  by  other  funds  seems  doubtful,  as 
there  is  no  satisfactory  cause  for  it  forthcoming ;  but  the  decrease 
in  value  of  the  widows'  annuities  shows  that  even  a  slight  change 
in  the  relative  ages  of  wives  and  husbands  will  make  itself  shown 
in  the  valuation  factors.  When,  therefore,  a  pension  fund  is 
valued  by  tables  obtained  from  a  totally  different  class  of  lives 
from  those  comprised  in  the  fund,  grave  errors  may  be 
involved. 

With  regard  to  the  fall  in  the  number  of  children  per  family,, 
this  has  been  so  persistent  and  so  large  that  it  cannot  be  regarded 
as  due  to  paucity  of  facts.  The  class,  too,  that  we  have  been 
dealing  with  is  one  where  we  should  have  least  expected  such  a 
change ;  for  it  must  be  borne  in  mind  that  the  emoluments 
enjoyed  by  the  ministers  in  this  church  have  not  declined,  as 
have  those  of  the  clergymen  of  the  Church  of  England,  but,  on 
the  other  hand,  have,  if  anything,  increased.  The  decline  shown 
by  the  above  figures  stands  out,  therefore,  as  a  sign-post  pointing 
to  the  tendency  of  the  age.  In  the  middle  and  lower  middle 
classes,  who  contribute  largely  to  the  bank  and  commercial  funds 
of  this  description,  a  still  larger  decrease  in  average  family  would 
probably  be  found;  and  strikes  and  depression  in  trade  must 
surely  have  caused  a  corresponding  effect  even  upon  that  impro- 
vident class  represented  by  the  British  workman. 
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A  valuation  made  on  the  basis  of  the  190.2  figures  for 
children's  annuities  would  show  a  reduction  of  something  like 
10  per-cent  on  the  1881  figures.  This  difference  in  the  case  of 
many  funds  in  a  sound  condition  would  not  perhaps  be  considered 
of  much  practical  importance;  as  the  valuation  on  the  basis  of 
present  tables  would  be  on  the  safe  side.  In  the  fund  under 
review  there  was  a  very  satisfactory  surplus,  but  I  must  confers 
that  had  there  been  a  small  deficiency  I  should  have  felt  grave 
doubts  as  to  whether  I  was  justified  in  stating  that  the  fund  was 
insolvent.  Even  in  the  case  of  a  strong  fund  it  is  very  desirable 
to  ascertain  the  exact  state  of  affairs,  and  to  know  by  how  much 
our  estimate  of  liabilities  exceeds  their  true  value. 

The  fund  I  have  been  dealing  with  is,  of  course,  very  small, 
probably  too  small  for  trustworthy  deductions,  but  I  venture  to 
think  that  the  results  obtained  are  not  very  far  from  the  truth. 
A  study  of  the  diagrams  given  shows  a  comparative  amount  of 
regularity  in  the  increase  and  decrease  of  the  ungraduated  figures 
for  each  successive  central  age;  indeed,  as  regards  the  widows' 
annuities,  the  regularity  is  more  than  might  have  been  expected 
considering  the  paucity  of  facts,  and  leads  one  to  hope  that  an 
experience  of  say  five  times  the  size  of  the  one  in  question  would 
be  of  practical  use.  I  venture  to  suggest  that  even  the  results 
shown  prove  that  there  is  a  decided  need  for  fresh  tables  for  use 
in  the  valuation  of  widows'  and  pension  funds,  and  that  by 
going  to  the  living  instead  of  to  the  dead  we  could  obtain 
valuable  statistics  from  the  experiences  of  funds  which  have 
hitherto  been  regarded  as  too  small  for  consideration  in  this 
respect. 

In  conclusion  I  would  draw  attention  to  the  fact  that  there  is 
a  large  field  at  our  very  doors  from  which  valuable  data  could  he 
obtained.  I  refer  to  the  insurance  companies  with  which  most 
of  us  have  some  small  connection.  It  would  be  a  very  simple 
matter  to  obtain  statistics  showing  the  age  of  the  officials  and 
clerks,  and  the  ages  of  their  wives  and  children,  and  possibly  even 
their  salaries,  though  there  might  be  some  objections  to  the 
latter  item  being  included. 

In  view  of  the  large  numbers  employed  by  these  companies  a 
valuable  experience  could  be  obtained,  which  would  probably  be 
a  representative  table  for  the  funds  applying  to  the  upper 
commercial  class. 
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Abstract  of  Discussion. 

Mr.  E.  C.  Thomas  was  quite  sure  he  was  only  voicing  the 
collective  opinion  of  the  meeting  in  congratulating  the  author  upon 
his  labours  in  such  a  very  fertile  Held  of  research,  and  in  thanking  him 
for  the  very  suggestive  paper  he  had  submitted.  It  seemed  to  him 
to  be  valuable,  as  much  for  what  it  merely  suggested,  as  for  what  it 
enlarged  upon;  and  in  any  observations  which  he  made  he  should 
merely  be  following  out  the  train  of  thought  suggested  by  the  remarks 
in  the  paper.  One's  mind  naturally  turned  to  Mr.  Manly's  paper  of 
April  1903,  both  on  account  of  the  references  in  the  present  paper, 
and  because  of  the  close  association  of  ideas.  The  method  to  which 
Mr.  Manly  adhered  in  the  main  was  that  known  as  the  collective 
method,  but  he  indicated  in  his  remarks  at  the  meeting  that  by  means 
of  certain  supplementary  tables  he  saw  his  way  to  a  possible  satisfac- 
tory solution  of  the  problems  on  individual  lines.  The  collective 
method  of  constructing  tables  was  so  well  described  by  Mr.  Manly  that 
it  was  hardly  necessary  to  say  anything  further  on  the  point.  Briefly 
stated,  it  consisted  in  assessing  the  benefits  payable  to  a  particular 
class  as  a  function  of  the  number  living,  not  of  that  particular  class, 
but  of  all  classes  together.  In  applying  the  valuation  factors, 
therefore,  no  weight  was  given  to  the  distribution  of  the  various 
classes  in  the  particular  fund  at  the  moment  of  valuation.  On  the 
other  hand,  in  tables  of  the  individual  type,  as  exemplified  in  Huie's 
book,  the  benefits  were  tabulated  as  a  function  of  each  particular 
class.  Thus,  there  was  the  value  of  a  benefit  to  the  first  wife  of  a 
member  now  a  bachelor,  or  a  husband,  separately,  with  similar  values 
for  the  second  wives  of  bachelors,  husbands,  and  widowers,  taken 
separately.  The  question  as  to  which  method  was  the  best  for 
practical  use  seemed  to  him  to  be  closely  allied  with  the  question 
of  standard  tables.  There  were  many  small  funds  from  which  it 
would  be  impossible  to  obtain  sufficient  data  to  construct  a 
satisfactory  table,  and  the  difficulty  was  often  enhanced  by  the  fact 
that  the  records  had  been  very  imperfectly  kept.  If,  therefore,  it 
was  decided  to  use  some  standard  tables  it  would  be  doubtless  felt 
that,  apart  from  the  possible  deviations  from  the  assumed  future 
experience,  there  would  be  grave  risk  in  using  tables  based  on 
the  collective  principle,  without  due  weight  being  given  to  the 
actual  proportions  of  the  various  classes  in  the  fund  at  the  moment 
of  valuation.  They  would  therefore,  be  driven  to  use  some  table 
like  Huie's.  The  objection  to  Huie's  tables  was  that  apart  from  the 
contingencies  of  third  and  subsequent  marriages,  there  were  sundry 
other  problems,  not  dealt  with  by  him,  which  seemed  almost  incapable 
of  exact  solution  on  individual  lines.  For  instance,  taking  the  case 
of  an  annuity  to  a  widower  with  the  reversion  to  the  youngest  child 
up  to  a  specified  age ;  in  the  case  of  a  widower  on  the  books  with 
children  under  the  age,  there  were  three  benefits  to  value,  which, 
although  distinct,  were  to  a  certain  extent  mutually  dependent.  There 
was  the  annuity  to  the  present  children  of  the  widower,  the  annuity 
to  a  possible  second  wife,  and  the  reversion  to  her  children;  and  as  the 
latter  benefits  were  increased,  so  the  first  benefit,  as  Mr.  Manby  pointed 
out  (J. I. A.,  xxxviii,  136).  was  diminished.     If  there  were  some  means 
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of  applying  the  collective  method,  these  awkward  subsidiary  problems 
could  be  eliminated.  The  suggestion  made  by  Mr.  Lidstone  at  the 
meeting  already  referred  to  (J. LA.,  xxxviii,  p.  163),  and  elaborated  by 
Mr.  Allin  in  the  present  paper,  of  going  to  the  living  for  the  experience 
data  instead  of  to  the  dead,  provided  a  way  out  of  the  difficultv.  If 
that  idea  were  carried  to  its  extreme  limits,  all  difficulties  would 
vanish,  because  they  could  then  go  to  their  own  funds,  even  although 
they  were  quite  small — a  method  which  had  been  pursued  by  the 
writer  of  the  paper,  with  apparently  great  success,  in  a  fund  consisting 
of  only  300  or  400  members.  The  assumption  involved  was  that  the 
proportions  of  husbands,  bachelors,  widowers,  the  ages  of  the  wives,  and 
the  numbers  and  ages  of  the  children,  for  each  particular  age  of  the 
member  would  be  the  same  among  those  dying  as  among  those  living 
at  that  age.  Before  proceeding  further  it  would  be  desirable, 
he  thought,  to  see  what  were  the  objections  to  that  rather  sweeping 
assumption.  In  the  aforesaid  discussion  Mr.  Lidstone  remarked  that 
there  was  no  reason  to  suppose  that  the  dying  were  anything  else  than 
an  average  sample  of  the  living  in  those  respects.  Personally,  he  did 
not  feel  at  all  convinced  that  the  experience  of  the  two  classes,  living 
and  dying,  would  be  the  same.  Taking,  for  instance,  the  question  of 
the  number  of  children  per  family,  it  appeared  to  him  that,  in  dealing 
with  a  professional  or  wage-earning  class,  it  might  very  well  be  that 
the  members  dying  in  middle  life  would  leave  larger  families,  on  the 
average,  than  were  possessed  by  the  survivors.  The  possession  of  a 
large  family  might  act  in  a  variety  of  ways  to  shorten  a  man's  life. 
There  was  the  incentive  to  greater  exertions  to  attain  success,  in 
which  he  might  ruin  his  own  health.  There  were  the  additional 
domestic  anxieties  incidental  to  the  upbringing  of  a  large  family, 
the  greater  financial  strain,  and  the  consequent  inducement  to 
deny  himself  the  comforts,  and,  possibly,  even  the  bare  necessaries  of 
life.  He  thought  some  considerable  weight  must  be  given  to 
those  considerations,  and  there  might  possibly  be  other  considerations 
affecting  in  like  manner  the  other  elements  of  the  problem  which  it 
was  desirable  should  be  faced,  before  making  too  hasty  a  generalization. 
When  all  was  said,  however,  it  would  probably  be  admitted  that  the 
advantages  of  the  method  at  least  outweighed  the  disadvantages. 
If,  then,  it  were  conceded  that  this  assumption  could  legitimately  be 
made,  the  matter  became  simplicity  itself;  they  did  not  require 
elaborate  marriage  and  mortality  tables,  nor,  as  the  author  pointed  out, 
need  they  distinguish  between  first,  second,  or  nth  marriages.  They 
simply  required  as  a  fundamental  basis  of  working  columns  of 
Cx  and  Dx  for  males,  annuity-values  for  females,  and  term  annuities 
for  children  ;  and  for  these  purposes  it  would  surely  not  be  difficult  to 
find  some  standard  tables  that  would  meet  the  requirements  of 
the  particular  case.  They  then  went  to  their  own  fund,  and  set  out 
the  ratios  of  the  three  classes,  husbands,  widowers  and  bachelors  existing 
and  on  the  fund  at  each  age  ;  secondly,  the  ages  of  the  wives,  including 
all  marriages ;  thirdly,  the  numbers  and  ages  of  the  children,  both  of 
husbands  and  widowers,  and  in  respect  of  first  or  subsequent  marriages. 
Then,  for  a  payment  on  death  to  a  husband,  widower  or  bachelor,  thev 
took  the  Cx  and  multiplied  by  the  appropriate  ratio  expressed  as  a 
decimal  of  unitv.  summed  the  column,  and  divided  bv  Dx-     For  an 
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annuity  to  a  widow,  whether  of  a  first  or  subsequent  marriage,  they  took 
the  average  wife's  annuity-value  for  age  x  of  the  husband,  and 
multiplying  that  value  into  the  Cx  for  the  husband  as  already  obtained, 
summed  again  and  divided  by  D.r.  A  similar  procedure  would  give 
the  benefits  for  the  children.  That  method,  when  fully  carried  out, 
was  remarkable  for  its  elasticity  and  simplicity.  Varying  annuities 
could  be  easily  allowed  for,  by  an  additional  factor  applied  to  the  Cx 
column.  Mr.  Manly  gave  an  example  in  his  paper  of  an  annuity 
payable  to  the  widow,  depending  on  the  amount  of  pension  payable  to 
the  husband.  To  sum  up,  therefore,  it  seemed  that,  in  the  first  place, 
standard  tables  based  on  the  individual  method  were  complex,  and 
did  not  meet  all  requirements  ;  secondly,  that  the  use  of  standard 
tables  of  the  collective  type  was  open  to  the  objection  that  no  weight 
could  be  given  to  the  existing  facts  ;  thirdly,  that,  if  they  went  to  the 
living  instead  of  the  dead,  they  could  give  full  weight  to  the  existing 
facts  of  the  fund,  and  make  a  valuation  of  a  comparatively  simple 
character  on  the  collective  method.  On  the  whole,  it  would  appear 
that,  except  for  purposes  of  comparison,  standard  tables  might  very 
well  be  dispensed  with.  He  seemed  in  that  respect  to  have  arrived  at 
a  conclusion  diametrically  opposed  to  the  author's,  but  he  thought  it 
would  be  seen  that  the  author's  ideas  of  standard  tables  were  limited 
in  extent.  Mr.  Allin  suggested  the  tabulation  of  the  ratio,  "  married 
men  to  all  members,"  which  seemed  to  be  a  very  valuable  suggestion  ; 
and  he  would  add  as  an  improvement  that  the  ratios  for  husbands  and 
widowers  should  be  tabulated  separately.  The  author  did  not  say  exactly 
how  he  would  propose  to  make  use  of  those  ratios,  but  he  would  suggest 
that  in  constructing  multipliers  they  might  apply  the  ratios  to  the 
Dx  of  the  denominator,  getting  a  new  denominator  which  might  be 
called  D™ ;  then,  using  those  valuation  factors,  they  could  multiply 
them  into  the  number  of  married  men,  and  not  into  the  number  of  all 
classes.  For  a  payment  on  the  death  of  a  bachelor,  a  similar 
modification  would  be  made  in  the  appropriate  multiplier,  the  ratio 
applied  being  that  of  bachelors  to  all  members.  This  modified 
valuation  factor  would  be  multiplied  into  the  number  of  bachelors  on 
the  fund  at  each  age.  That  method  would  be  similar  in  principle  to 
the  improvement  introduced  into  the  valuation  of  pension  funds  by 
Mr.  Manly,  of  incorporating  the  salary  in  the  denominator.  It 
involved  the  assumption  that  given,  for  a  particular  fund,  certain 
numbers  existing  as  husbands,  widowers  or  bachelors  at  the  present 
time,  those  numbers  would  be  subject  to  the  same  rates  of  increase  or 
decrease  in  the  future  as  in  the  experience  adopted,  and  not  that  the 
present  facts  must  be  entirely  in  accord  with  that  experience.  The 
adoption  of  that  device  would  go  a  loug  way  towards  removing  the 
objections  to  standard  tables  of  the  collective  type. 

Mr.  George  King  agreed  with  Mr.  Thomas  that,  when  such 
funds  were  dealt  with  by  the  collective  method,  smaller  statistics 
could  be  used  than  if  they  were  dealt  with  in  the  old  ways.  There 
was  one  particular  point  in  the  paper  to  which  he  thought  some 
attention  should  be  called,  i.e.,  the  extraordinary  apparent  diminution 
in  the  number  of  children  in  a  family.  He  used  the  word  "  apparent", 
because  he  did  not  think  the  case  was  proved  from  the  figures  in 
the  paper.      He  could  not  help  thinking  that  part  of  the  phenomenon 
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was  explained  by  two  words  on  page  339,  where  they  were  told  that, 
at  the  formation  of  the  fund,  the  professors  and  others  were  eligible 
as  members,  and  from  the  time  of  the  adoption  of  the  scheme  all 
those  who  received  appointments  were  required  to  become  members. 
He  could  not  help  thinking  that  at  the  beginning  there  was  a 
considerable  selection — that  only  those  who  would  derive  immediate 
benefit  from  the  fund  would  join,  whereas  those  who  did  not  see  any 
immediate  benefit  to  themselves  would  remain  out.  taking  advantage 
of  the  option  that  was  given  to  them ;  and  he  thought  the  tables 
in  the  paper  rather  indicated  that  that  took  place.  In  Tables  III 
and  IT  the  ages  of  the  husbands  and  the  number  of  cases  for  the 
two  periods  1881  and  1902  were  given.  He  had  been  at  the  trouble 
to  test,  by  taking  out  in  detail,  the  average  age  at  both  those  points. 
The  average  age  of  the  husbands  in  lbbl  was  41'65,  and  in  1902 
4922 — an  increase  of  4|  years — and  when  it  was  remembered  that 
the  annuities  to  the  children  ceased  at  eighteen  years  of  age,  that 
made  a  considerable  difference  to  the  resulting  values.  It  was  not, 
however,  so  easy  to  explain  the  difference  shown  in  the  tables  where 
the  value  of  the  annuity  to  the  children  according  to  the  present  age 
of  the  parent  was  given.  It  might  be  thought  that  there  the 
selection  would,  to  a  certain  extent,  disappear,  but  he  did  not  think 
it  did  so,  because  if  an  undue  number  of  members  joined  with  large 
families  at  the  beginning,  that  would  affect  the  figures  very 
materially  for  some  years  afterwards.  He  could  not  help  thinking, 
therefore,  that  the  fall  in  the  average  number  of  the  family  was 
exaggerated.  Probably  the  fund  had  now  in  that  respect  reached  a 
normal  state  ;  it  would  probably  be  found  in  future  that  there  would 
not  be  any  very  great  change,  and  he  thought  that  to  a  large 
extent  what  he  had  pointed  out  was  due  to  the  cause  he  had 
mentioned.  Table  XII,  which  was  not  very  conveniently  arranged 
for  comparison,  also  threw  a  little  light  upon  the  subject.  If  they 
compared  the  ratio  of  married  men  to  total  members  in  the  1881 
experience  with  that  shown  in  the  1902  experience,  it  would  be 
found  that  the  ratio  was  very  much  greater  in  18^1  at  the  younger 
ages,  but  that  at  the  older  ages  it  was  greater  in  1902.  That,  he 
thought,  was  further  evidence  of  the  selection  to  which  he  had 
referred.  At  the  same  time  he  should  hesitate  to  express  a  very 
strong  opinion  on  that  point  without  being  able  to  examine  the 
actual  details  of  the  experience.  The  paper  was  a  very  interesting 
one,  which  he  hoped  to  study  and  make  use  of. 

[The  following  notes  by  Mr.  Vtvta>"  Maeb  were  handed  in  and 
read  at  the  meeting,  Mr.  Marr  being  unable  to  attend  personally.] 

Mr.  Yyvyax  Mabe  :  I  recently  investigated  the  collective,  or 
varying  assurance,  method  of  valuation  of  widows'  funds,  comparing 
the  valuation  factors  as  deduced  from  two  widely  different  experiences. 
For  this  purpose  I  used  the  statistics  relating  to  681  bankers  who 
died  and  822  ministers  who  died,  and  the  results  are  published  in  the 
Transactions  of  the  Faculty  of  Actuaries,  vol.  ii,  p.  307.  The 
statistics  formed  part  of  Mr.  Archibald  Hewat's  "  Investigations  of 
the  Marriage  and  Mortality  Experiences  of  Scottish  Bankers  and 
Scottish  Ministers",  and  were  kindly  placed  at  my  disposal  by  him. 
The  results  pointed  to  the  fact  that  in  valuing  a  fund  great   care 
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must  be  exercised  in  making  use  of  a  set  of  figures  deduced  from  the 
experience  of  another  fund,  as  so  much  depends  upon  the  various 
probabilities,  and  the  relative  marriage  status  of  the  members. 
Mr.  Allin  confirms  this  view,  and  from  his  Tables  XIII  and  XIV 
I  think  that  the  method  would  be  even  more  untrustworthy  when 
statistics  relating  to  "  existing  "  are  used  in  computing  the  valuation 
factors,  in  place  of  statistics  relating  to  "  deaths."  If  we  compare 
the  amount  to  be  set  aside  on  the  death  of  each  member,  to  provide 
the  "  Widow's  Annuity  "  that  may  then  become  payable,  as  given  in 
Mr.  Allin's  Table  XIV,  with  mine,  it  will  be  observed  that  Mr.  Allin's 
values  are  considerably  higher  than  those  deduced  by  me  in  connection 
with  Scottish  ministers,  who,  no  doubt,  occupy  a  similar  social 
position  to  the  ministers  investigated  by  him.  I  think  this  may  be 
attributed  to  two  causes :  (i)  That  in  using  the  statistics  relating 
to  existing  members,  elements  of  selection  are  omitted,  which  would 
be  taken  into  account  either  in  calculating  probabilities  of  marriage 
for  use  in  a  valuation  by  the  reversionary  annuity  method,  or  in 
deducing  tables,  based  on  deaths  alone,  for  use  in  a  valuation  hy  the 
varying  assurance  method  ;  and  (ii)  taking  the  relative  ages  of  wives 
at  the  moment  they  become  widows  as  being  the  same  as,  in  place  of 
higher  than,  the  relative  ages  of  wives  whose  husbands  are  still  alive. 
As  regards  the  first  point,  it  will  be  observed  from  Mr.  Allin's  Tables 
I  and  II  that  the  relative  number  of  bachelors,  married  men,  and 
widowers  varied  considerably  from  one  period  to  another.  The 
probabilities  of  marriage,  and  the  numbers  who  die  leaviug  widows, 
will  not  necessarily  fluctuate  so  much.  This,  I  think,  is  shown  by 
comparing  the  relative  numbers  dying  as  bachelors,  husbands,  and 
widowers  in  Mr.  Hewat's  Scottish  Ministers'  experience,  which  I 
made  use  of,  with  the  relative  numbers  in  existence  at  the  close  of 
his  observations,  as  exhibited  in  the  following  table  : 


Ages 

Dying 

Bachelors 

Husbands 

Widowers 

Total 

No. 

Per- 
cent 

No. 

Per- 
cent 

No. 

Per- 
cent 

Xo. 

Per- 
cent 

25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 
85- 

7 
14 

19 

9 

10 

7 

1L 

17 

7 

19 

11 

2 

2 

1 
2 
2 
1 
1 
1 
1 
2 

1 
2 

2 

1 

1 
15 
24 
34 
33 
49 
59 
73 
92 
64 

1! 

9 

2 
3 
4 
4 
6 
7 
9 
11 
8 
6 
3 
1 

3 

7 

8 

6 

11 

21 

29 

31 

25 

17 

1 
1 
1 
1 
3 
3 
4 
3 
2 

8 

29 

43 

46 

50 

64 

76 

101 

120 

112 

94 

51 

28 

1 

4 

5 

5 

6 

8 

9 

12 

15 

13 

12 

6 

4 

135 

17 

529 

64 

158 

19 

822 

100 
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Ages 

Existing  at  Close  of  Observation 

Bachelors 

Husbands 

Widowers 

Total 

No. 

Per- 
cent 

No. 

Per- 
cent 

No. 

Per- 
cent 

No. 

Per- 
cent 

25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 
85- 

16 

63 

44 

44 

23 

15 

24 

14 

5 

5 

2 

2 

1 
5 

4 
4 
2 
1 
2 
1 

5 
62 

118 

151 

137 

100 

125 

108 

53 

55 

27 

12 

6 

1 
5 
9 
11 
11 
8 
9 
8 
4 
4 
2 
1 
1 

i 
i 

4 
4 
4 
9 
9 
8 
9 
9 
13 
6 

1 
1 
1 
1 
1 
1 

21 

126 

163 

199 

164 

119 

158 

131 

66 

69 

38 

27 

12 

2 

10 

13 

15 

13 

9 

12 

10 

5 

5 

3 

2 

1 

257 

20 

959 

74 

77 

6 

1,293 

100 

In  regard  to  the  widows'  ages,  influences,  such  as  the  very  high 
rates  of  mortality  among  married  women  at  younger  ages,  have  to  be 
taken  into  account,  and  the  relative  ages  of  wives  will  not,  so  far  as  I 
can  see,  be  the  same  as  the  relative  ages  of  widows  at  the  moment  of 
entry  into  widowhood.  I  cannot  say  what  the  difference  may  be, 
but  the  following  table  will  show  that  one  does  exist : 


Husband's 

Age  at 

Marriage 

AVERAGl 

w 

Age  of 
fe 

Husband's 
Age  at 
Death 

Widow's  Age  at  Death 
of  Husband 

Bankers 

Ministers 

Bankers 

Ministers 

25 

24 

25 

25 

25 

26 

30 

26 

27 

30 

29 

30 

35 

27 

29 

35 

32 

33 

40 

29 

29 

40 

36 

38 

45 

29 

33 

45 

40 

41 

The  average  ages  at  marriage  are  those  deduced  by  Mr.  Hewat, 
while  the  ages  relating  to  the  date  of  widowhood  are  those 
found  by  me  in  the  investigation  referred  to.  In  conclusion, 
I  would  point  out  that  as  Mr.  Allin  excludes  all  children  over 
age  18,  his  tables  exaggerate  the  decrease  in  the  number  of 
children  per  family.  This  arises  through  all  the  children  included  in 
the  1881  experience  having  passed  out  of  observation  by  1902,  while 
the  surviving  parents  remain. 

Mr.  H.  W.  Manly,  after  thanking  the  author  for  his  valuable 
contribution,  said  it  was  extremely  desirable  that  a  good  many  papers 
of  the  type  under  discussion  should  be  written,  in  order  that  the 
Institute   could  obtain  statistics  relating  to   widows'   and  orphans' 
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funds,  particularly  such  figures  as  the  author  had  produced,  showing 
the  changes  which  occurred  from  time  to  time.  There  were  two 
curious  changes  in  the  social  condition  of  the  members  of  this  fund, 
their  wives,  widows  and  children.  It  would  be  noticed  that,  during 
the  later  years  of  the  period  of  observation,  the  members  of  the  fund 
had  married  women  more  of  their  own  age.  That  was  rather  a  striking 
point  which  required  explanation,  because  it  did  not  occur  to  him  that 
men  of  the  present  day  were  inclined  to  take  wives  nearer 
their  own  age  than  they  were  years  ago.  The  effect  of  the 
change  came  out  very  strikingly  in  Table  VI,  where  the  difference  in 
the  value  of  an  annuity  to  the  widow  on  the  death  of  the  husband 
was  roughly  an  average  of  one  year's  purchase  less  up  to  nearly  fifty 
years  of  age.  Both  Mr.  Thomas  and  Mr.  King  had  referred  to  the 
reduction  in  the  number  of  children  in  a  family.  Whether  any,  or 
what,  checks  were  put  upon  the  production  of  families  now-a-days, 
compared  with  what  existed  previously,  he  could  not  say.  Mr.  King 
hail  certainly  given  a  reasonable  explanation  wh}-  it  was  possible  that, 
in  the  early  years,  the  members  of  the  particular  church  referred  to 
should  have  made  a  selection,  i.e.,  that  those  with  children  came  in, 
and  those  without  children  remained  out  of  the  fund.  Later  on,  when 
membership  was  compulsory,  the  average  for  the  whole  of  the  members 
of  the  church  was  obtained.  That,  he  thought,  was  an  extremely 
reasonable  explanation,  but,  even  taking  that  into  account,  there 
seemed  to  be  a  reduction  in  the  number.  He  thought  it  was  very 
desirable  that  these  changes  should  be  watched  very  carefully,  and 
that  it  would  be  most  instructive  and  interesting  if  other  members 
who  had  widows'  and  orphans'  funds  to  value  would  give  their 
experience  in  similar  form. 

Mr.  A.  W.  Watson  desired  to  associate  himself  with  the  previous 
speakers  in  thanking  the  author  for  his  most  interesting  paper.  As 
Mr.  King  truly  said,  although  the  experience  was  not  a  large  one, 
it  would  prove  exceedingly  useful  when  they  desired  to  corroborate 
or  correct  a  particular  case  with  which  the}'  happened  to  be  dealing  at 
the  moment.  He  was  not  at  all  satisfied  that  the  reason  of  the  apparent 
diminution  in  the  number  of  children  per  family  was  that  suggested 
by  Mr.  King  ;  he  was  rather  inclined  to  think  there  was  something 
in  the  author's  view  that  it  was  the  tendency  of  the  age.  His  opinion 
was  based  upon  the  fact  that  some  ten  years  ago  he  had  to  prepare  a 
set  of  valuation  tables  for  widows'  and  orphans'  funds,  based  upon 
the  experience  of  a  large  number  of  funds  during  the  previous  ten 
years  ;  and  in  using  those  tables  at  the  present  time  he  found  he  had 
to  adjust  the  results  in  almost  every  case,  because  the  liability  brought 
out  was  far  greater  than  the  present  experience  showed  to  be  necessary. 
The  number  of  children  per  deceased  member  in  the  funds  to  which 
he  referred,  which  belonged  generally  speaking  to  the  industrial  class 
in  all  parts  of  the  country,  had  very  distinctly  fallen ;  so  much  so, 
that  when  the  fall  in  the  number  of  children  was  combined  with  the 
fall  in  the  death  rate  of  the  members  themselves,  the  liability  in 
respect  of  children's  benefits  had  become  almost  non-existent.  When 
he  said  non-existent,  he  referred,  of  course,  to  lump  sum  benefits,  not 
to  children's  annuities,  but  the  value  of  the  lump  sum  payments  had 
certainly  become  very  insignificant.     He   found  it  was  now  almost 
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sufficient  to  average  them  at  about  two  children  per  member  for  the 
members  dying  under  50  years  of  age,  without  going  into  very  great 
elaboration  as  to  the  incidence  at  each  age  of  deceased  numbers.  He 
could  have  wished,  in  regard  to  the  financial  aspect  of  the  paper,  that 
the  author  had  gone  a  little  further,  and  investigated  the  decline  in 
the  liability  when  to  the  change  in  the  children's  experience  was  added 
the  fall  in  the  death  rate  amongst  the  members  themselves.  The  first 
element  in  determining  the  liability  for  any  benefit  payable  on  the  death 
of  a  member  was  the  rate  of  mortality  prevalent  amongst  the  members 
themselves ;  and  when  it  was  remarked  how  greatly  that  rate  had 
decreased  during  the  past  twenty  years  or  longer,  as  evidenced  by 
a  comparison  of  the  HM  and  0M  Life  Tables,  or  the  results  of  the 
two  Manchester  Unity  investigations,  it  would  be  seen  that  the 
declining  size  of  the  family,  combined  with  the  decline  in  the  death 
rate  amongst  the  members,  might  be  expected  materially  to  affect 
the  resulting  liability.  He  would  like  to  suggest  to  the  author  that  it 
would  be  very  interesting  to  see  how  the  liability  was  affected  by 
combining  the  annuities  with  the  reversionary  values  of  a  life  table 
applicable  to  the  circumstances  of  1881,  and  one  applicable  to  the 
circumstances  of  the  present  day.  The  variation  of  those  values  ought 
to  be  scrutinized  very  closely,  because,  if  a  relatively  true  measure  of 
the  present  liabilities  was  not  obtained,  the  results  in  the  valuation  of 
a  widows'  and  orphans'  fund  were  apt  to  be  very  far  from  the  truth. 

Mr.  H.  W.  A>*dras  had  hoped,  from  the  title  of  the  paper,  that 
the  author  would  have  given  a  comparison  with  the  results  of  other 
investigations  into  the  experience  of  widows'  funds,  and  especially 
with  those  of  several  Scottish  actuaries.  Mr.  Thomas  had  described 
very  clearly  the  collective  method  and  the  individual  method,  and  he 
thought  it  would  be  instructive  if  some  one  would  compare  the  effect 
of  applying  the  two  methods  to  the  same  statistics  of  marriage  and 
mortality.  He  had  recently  had  experience  of  two  widows'  funds, 
too  small  to  form  the  basis  of  a  paper,  or  for  a  contribution  to  valuable 
statistics,  but  he  thought  lessons  might  be  learned  from  the 
circumstances  of  even  small  societies.  In  one  of  them,  the  special 
risks  of  future  marriages  to  bachelors  and  widowers  were  practically 
eliminated  by  the  rules  as  to  contributions  and  benefits.  The  bachelors 
were  merely  required  to  subscribe  a  small  sum  per  annum,  which, 
accumulated  at  compound  interest  to  the  date  of  marriage — if  they 
married — was  applied  in  reduction  of  the  contribution  for  a 
reversionary  annuity  to  the  wife  after  the  death  of  her  husband. 
Similarly,  when  a  married  man  became  a  widower,  if  he  elected  to 
continue  his  membership,  he  paid  a  small  subscription  which, 
accumulated  at  compound  interest,  reduced  his  contribution 
for  a  reversionary  annuity  at  his  attained  age  should  he  re-marry. 
In  that  way  complicated  benefits  were  eliminated.  He  thought 
it  was  very  useful  that  orphan  benefits  bad,  by  the  ingenuity 
of  Mr.  Manly  and  other  actuaries,  been  brought  within  the  range  of 
satisfactory  actuarial  computation.  "With  regard  to  the  proposal  to 
construct  general  standard  tables,  he  quite  agreed  with  several 
previous  speakers  that  every  society  was  more  or  less  a  law  unto 
itself,  and,  therefore,  it  was  almost  impracticable  to  carry  out  the 
suggestion.     At  the  same  time,  the  publication  by  workers  in  the 
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same  field  of  their  methods  and  results  was  of  inestimahle  value  to 
the  actuarial  profession,  and  would  be  the  means  of  establishing  a 
series  of  standards  of  comparison,  by  which  to  test  approximately  the 
results  of  enquiries  as  to  the  experience  of  communities  similarly 
circumstanced. 

The  resolution  of  thanks  to  Mr.  Allin  was  then  put,  and  carried 
with  acclamation. 

Mr.  Allin,  in  reply,  thanked  the  members  for  the  kind  way  in 
which  they  had  received  his  paper,  and  for  the  small  amount  of 
adverse  criticism  passed  on  it.  While  Mr.  Thomas's  remarks  were 
most  interesting,  he  did  not  altogether  agree  with  his  view  that 
husbands  who  died  must  have  more  children  than  those  who  did  not. 
Mr.  Thomas  also  seemed  to  think  that  he  (the  author)  was  advocating 
standard  tables  for  general  use.  He  only  did  so  for  the  purposes  of 
comparison  and  to  fill  up  gaps  in  the  actual  experience  of  the  fund 
being  valued.  As  one  or  two  members  had  said,  they  must  go  to  the 
funds  themselves  for  the  experience.  At  the  same  time,  something 
was  wanted  to  check  those  funds,  and  he  thought  a  better  standard 
might  be  obtained  than  Huie's  and  Hewat's  tables,  which  were  the 
only  ones  available  at  the  present  time.  He  believed  several  private 
tables  were  in  existence,  but  so  far  as  he  knew  they  had  never  been 
published.  With  regard  to  Mr.  King's  remark  on  the  subject  of 
selection,  he  did  not  think  the  selection  was  important.  He  could 
not  obtain  full  details  in  regard  to  the  original  numbers,  but  the 
figures  available  seemed  to  show  a  very  large  proportion,  not  only  of 
bachelors  but  of  widowers,  and  also  a  very  large  number  of  married 
men  who  had  no  children.  He  thought  a  great  portion  of  any 
selection  had  worn  off.  The  fund  was  started  in  1870,  and  the  first 
valuation  was  made  in  1881,  so  that,  as  the  average  age  at  marriage 
was  about  30,  it  would  mean  that  one  would  not  expect  much 
reduction  in  the  number  of  children  to  men  under  age  40  or  45. 
There  actually  was  a  great  deal  of  difference  in  the  value  of  the 
children's  annuities  below  age  45,  so  that  he  thought  there  must 
have  been  something  beyond  any  little  selection  to  cause  that ;  and 
Mr.  Manly  and  Mr.  Watson  seemed  to  agree  in  this  view.  In 
reply  to  Mr.  Watson's  observations  with  regard  to  using  the 
experience  of  the  fund,  he  could  not  help  thinking  that  something 
was  wanted  to  check  the  figures  a  little  more  than  the  experience 
of  the  fund  itself.  He  did  not  go  into  the  subject  of  the  valuation 
of  the  liabilities,  because  the  experience  of  the  fund  was  small,  even 
though  the  figures  brought  out  seemed  to  be  approximately  correct. 


ADDENDUM. 

[Mr.  G.  J.  Lidstone,  who  was  prevented  by  the  lateness  of  the 
hour  from  joining  in  the  discussion,  sends  us  the  following  remarks 
for  publication. — Ed.  J.I.A.~] 

The  central  idea  of  Mr.  Allin's  paper  is  (as  it  was  happily 
expressed  by  Mr.  Andras)  that  each  fund  is  a  law  to  itself,  and 
further,  that  the  law  may  change  from  time  to  time,  so  that  it  is 
essential  to  base  the  valuation — either  explicitly  or  by  adjustment — 
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on  data  derived  from  the  recent  experience  of  the  fund.  While  these 
principles  are  recognized  as  fundamental  hy  all  actuaries  of  experience 
in  this  branch  of  work,  they  cannot  be  too  strongly  emphasized  or 
illustrated,  for  experience  shows  that  even  when  there  is  much  in 
common  between  the  occupations  and  social  positions  of  the  members 
of  two  different  funds,  it  is  unsafe  to  assume  that  the  same  basis  of 
valuation  will  apply  to  both.  This  is  well  illustrated  by  the 
following  Table  showing  for  quinquennial  ages  the  adjusted  ratios  of 
married  officials  to  total  officials  at  various  ages  in  the  staff  of  a 
large  English  Joint  Stock  Bank,  as  compared  with  the  similar  ratios 
derived  from  Mr.  Hewat's  Tables  based  on  the  Experience  of  the 
Scottish  Banks  : 


Ratios  of  Married* 

to  Total  Officials 

Excess  of  English  Bank 

Officials 

Age 

Hewat's 
Tables 

English  Bank 
Officials 

Age 

Actual 

Proportion 
of  (2) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

20 

20 

25 

•075 

•087 

•012 

•16 

25 

30 

•291 

•332 

•041 

•14 

30 

35 

•507 

•574 

•067 

•13 

35 

40 

•638 

•718 

•080 

13 

40 

45 

•712 

•798 

•086 

•12 

45 

50 

•755 

•842 

•087 

11 

50 

55 

•780 

•867 

•087 

•11 

55 

60 

•795 

•881 

•086 

•11 

60 

65 

•805 

•888 

•083 

•10 

65 

*  The  "  Married  "  here  include  Widowers. 

The  Table  shows  that  the  proportion  of  married  in  the  English 
Bank  is  greater  by  from  10  to  16  per-cent  than  that  shown  by  the 
Scottish  Bankers'  Experience,  and  hence,  if  that  experience  were 
adopted  in  the  valuation,  the  value  of  the  Widows'  Annuities  would 
(cateris  paribus)  be  seriously  under-estimated. 

With  a  small  membership  it  is  impossible  in  any  moderate  period 
of  observation  to  obtain  sufficient  data  from  which  to  calculate  the 
proportionate  number  of  bachelors,  husbands  and  widowers  dying  at 
each  age,  and  it  is  therefore  not  only  convenient  but  necessar}r  to 
base  these  ratios  on  the  numbers  living.  For  example,  in  a  fund 
of  1,000  members,  the  annual  deaths  would  probably  not  exceed 
15  or  20  per  annum,  so  that  at  least  50  years'  experience  of  the 
deaths  would  be  required  to  secure  observations  equal  in  extent  to 
those  derivable  from  a  single  count  of  the  total  existing  membership, 
and  at  the  younger  and  middle  ages  the  period  would  be  even 
longer. 

In  dealing  with  the  living  instead  of  the  dying,  it  is,  of  course, 
tacitly  assumed  that  the  rate  of  mortality  amongst  bachelors  and 
married  is  identical,  though  this  is  not  necessarily  the  case,  as 
Mr.  Thomas  pointed  out  in  the  discussion.     In  practice,  however,  it 
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would  not  appear  probable  tbat  the  differences  in  the  rates  of  mortality 
would  be  sufficient  to  disturb  seriously  the  resulting  ratios  of 
bachelors,  married  and  widowers.  It  is  usually  found  that  the 
married  men  show,  if  anything,  a  lighter  rate  of  mortality  than  the 
bachelors,  and  when  this  is  the  case  the  proportion  of  married  derived 
from  the  living  will  be  greater  than  that  which  would  be  derived  from 
the  dying,  so  that  the  use  of  the  former  will  pro  tanto  supply  a  very 
desirable  margin  on  the  side  of  safety. 

It  may  be  of  interest  to  show  that  the  series  of  values  of  the  ratio 
Bachelors  :  Total  members,  say,  £%,  implicitly  involves  the  marriage 
rates,  and  that  these  (provided  they  have  been  constant  over  a  series 
of  years)  can  therefore  be  determined  from  kx.  Let  lx  equal  the 
number  of  bachelors  at  age  x,  and  Xx  the  number  of  husbands  and 
widowers  at  age  x.  Let  fix  be  the  force  of  mortality  for  the  total 
body  of  members  lx  +  X.r  ;  and  let  fj.x  +  Ox  be  the  force  of"  mortality  for 
the  bachelors  taken  alone  ;  further,  let  vx  be  the  force  of  marriage 
(first  marriages  only).  Then  lx  is  subject  to  the  two  decremental 
forces  (/jlx  +  6x)  and  vx,  but  lx  +  \x  is  subject  to  the  decremental 
force  /xj,  only.     Thus  we  hive — 

log  J£=log  k-log  (lx+Xx) 

=vx+8x. 
Putting  a?+|  for  x,  we  have 

1      d  kB—kB 

/cx+i  ax  Kx+i 

If  dx=Q,  i.e.,  if  the  rate  of  mortality  be  the  same  for  bachelors  and 

married,  the  expression     x        *~rl  gives  the  central  marriage  rate,  that 

is,  approximately,  the  force  of  marriage  in  the  middle  of  the  year  .r 
to  x'+l  ;  while  if  the  bachelors  show  the  higher  mortality,  6X  is 
positive,  and  the  above  expression  gives  a  quantity  slightly  higher 
than  the  true  force  of  marriage. 

If  lx  and  \x  are  subject  to  diminution  by  secessions  as  well  as 
deaths,  6X  must  be  taken  to  represent  the  difference  between  the 
forces  of  mortality  and  secession  combined,  for  bachelors  and 
married  respectively. 

When  the  values  of  k*  have  been  obtained  and  graduated,  it  is 
generally  desirable  to  deduce  the  values  of  v  and  set  them  out 
graphically.  If  they  show  a  marked  departure  from  the  well-defined 
general  type,  this  suggests  either  a  faulty  graduation  of  the  values 
of  k,  or  some  artificial  disturbance  of  those  values,  calling  for  further 
investigation  and  correction.  Such  a  disturbance  is  specially  likely 
to  arise  in  a  recently-established  fund  in  which  membership  is 
optional  at  the  commencement,  though  compulsory  upon  later 
entrants,   as,  for  example,  with   a  bank  or  commercial  institution, 


1905.]  Widows'  and  Orphans'  Pension  Funds.  367 

which — after  the  fund  has  once  been  started — requires  all  officials 
subsequently  appointed  to  join  the  fund  as  a  condition  of  service. 
It  will  generally  be  found  that  the  members  joining  voluntarily  at 
the  commencement  consist  largely  of  married  men,  or  of  those  who 
have  more  than  the  average  prospect  of  early  marriage,  and  hence 
for  many  years  the  proportion  of  married  men  will  be  greater  than 
normal,  except  at  ages  under  (say)  20  +  «,  when  n  is  the  number  of 
years  from  the  foundation  of  the  fund.  In  these  circumstances, 
values  of  k  deduced  from  the  members  of  the  fund  only  would  not 
represent  the  values  which  would  be  likely  to  obtain  when  the 
membership  had  reached  a  normal  distribution,  and  values  of  v 
deduced  from  such  abnormal  values  of  k  would  be  entirely  misleading, 
and  might  even  be  negative.  In  such  a  case  it  is  necessary  to  base 
the  values  of  k  and  v  on  the  whole  staff,  members  and  non-members 
combined. 

Even  with  a  normal  set  of  values  of  k,  it  would,  of  course,  be 
unsafe  to  regard  the  deduced  values  of  v  as  giving  more  than  a 
general  idea  of  the  rates  of  marriage  ;  they  are  nevertheless 
sufficient  (as  it  is  hoped  to  show  at  length  in  the  Journal)  to  enable 
the  actuary  to  value  separately  the  benefits  to  bachelors  and  married 
men,  by  formula?  which  are  strictly  consistent  with  those  of  the 
collective  method  when  the  distribution  is  normal,  but  which  avoid 
the  inaccuracy  which  that  method  introduces  when  the  distribution 
is  abnormal. 

In  the  foregoing  investigation,  the  "  married  "  have  been  taken 
to  include  widowers,  as  in  Mr.  Hewat's  Tables,  but  for  practical 
work  it  is  often  desirable  to  subdivide  the  "  married  "  into  husbands 
and  widowers. 


[Mr.  Allin  has  sent  us  the  following  additional  remarks  for 
publication. — Ed.  J.I.A^] 

Since  making  my  remarks  in  reply  to  the  discussion  on  this  paper, 
I  have  had  an  opportunity  of  perusing  Mr.  Marr's  notes.  The 
question  of  selection  I  have  already  dealt  with.  As  regards  the 
proportions  of  bachelors,  married  men,  and  widowers,  it  is  quite  true 
that  these  will  vary  from  time  to  time,  especially  in  a  small  fund, 
and  it  is  necessary  to  see,  when  constructing  tables  by  the  collective 
method,  that  any  temporary  changes  in  the  constituents  of  the  fund 
are  allowed  for.  This  is  one  of  the  objections  to  the  collective 
method,  but  is  an  objection  which  is  not  insuperable,  and  the 
advantages  of  the  method  seem  to  outweigh  its  disadvantages. 
Mr.  Marr's  table  of  percentages  based  upon  the  total  members  of  all 
ages  seems  to  be  somewhat  misleading.  What  is  really  required  is  a 
table  such  as  the  following,  showing  for  each  separate  age,  or  each 
quinary  group  of  ages,  the  percentage  of  married  men  to  total 
members,  for  it  is  these  percentages  only  that  enter  into  a  valuation 
by  the  collective  method.  The  appended  table,  arranged  from  the 
tables  given  by  Mr.  Marr,  does  not  seem  to  throw  much  light  on 
the  subject,  and  the  fact  that  there  are  a  larger  number  of 
husbands  among  the  existing  is  quite  possibly  due  to  chronological 
changes. 
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Dying 

Existing 

Agea 

Total 

No.  of 

Per- 

Ages 

Total 

No.  of 

Per- 

Number 

Husbands 

cent 

Number 

Husbands 

cent 

25-29 

8 

1 

12 

25-29 

21 

5 

24 

30-34 

29 

15 

52 

30-34 

126 

62 

49 

35-39 

43 

24 

56 

35-39 

163 

118 

72 

40-11 

46 

34 

74 

40-44 

199 

151 

76 

45-49 

50 

33 

66 

45-49 

164 

137 

84 

50-54 

64 

49 

77 

50-54 

119 

100 

84 

55-59 

76 

59 

78 

55-59 

158 

125 

79 

60-64 

101 

73 

72 

60-64 

131 

108 

82 

65-69 

120 

92 

77 

65-69 

66 

53 

80 

70-74 

112 

64 

57 

70-74 

69 

55 

80 

75-79 

94 

52 

55 

75-79 

38 

27 

71 

80-84 

51 

24 

47 

80-84 

27 

12 

44 

85- 

28 

9 

32 

85- 

12 

6 

50 

Mr.  Marr  also  makes  the  statement  that  "  the  relative  ages  of 
wives  will  not,  as  far  as  I  can  see,  be  the  same  as  the  relative  ages 
of  widows  at  the  moment  of  entry  into  widowhood."  Here  I  am 
afraid  I  must  join  issue  with  him.  If  the  ages  are  not  very  closely 
the  same,  it  is  due  to  some  chronological  change.  The  table 
Mr.  Marr  gives,  to  my  mind,  proves  nothing,  as  he  has  compared  the 
average  age  of  the  wife  of  a  man  who  marries  at  age  x  with  the 
average  age  of  the  widows  of  men  dying  at  age  x%  and  of  course  a 
considerable  difference  is  shown,  especially  at  the  older  ages.  In 
using  the  collective  method,  we  are  not  concerned  with  the  age  at 
marriage.  All  we  have  to  consider  is  the  condition  and  status  of 
members  and  their  wives  at  a  fixed  date,  and  if  a  comparison  were 
made  between  the  average  age  of  the  wives  of  all  men  now  living  at 
any  particular  age  (whenever  married)  and  the  average  age  of  the 
widows  of  men  dying  at  that  particular  age,  I  do  not  think  we  should 
find  much  difference,  unless  there  had  been  social  changes. 

With  regard  to  the  exclusion  of  children  over  age  18,  I  think 
that,  if  Mr.  Marr  will  reconsider  his  statement,  he  will  see  there  is  no 
exaggeration  in  the  decrease  of  children,  as  I  have  compared  like 
facts  at  different  periods.  Children  over  IS  years  of  age  were 
excluded  from  both  experiences. 


Mr.  Marr,  having  had  an  opportunity  of  perusing  Mr.  Allin's 
remarks,  asks  us  to  publish  the  following  supplementary  notes. — 
Ed.  J.I. A.] 

As  Mr.  Allin  points  out,  when  my  table  is  used  to  ascertain 
whether  the  relative  number  of  married  men  alive  at  any  age  may  be 
taken  as  an  indication  of  the  number  who  die  leaving  widows  at  that 
age,  it  is  necessary  to  compare  the  number  of  husbands  at  any  age 
with  the  total  number  of  members  at  that  age.  I  am  obliged  to 
him  for  giving  a  table  of  the  percentages.  These  percentages  can, 
of  course,  be  obtained  roughly  by  dividing  the  figures  in  column  5  of 
my  table  by  those  in  column  9.     There  is  a  considerable  difference  at 
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some  ages  between  the  percentages  deduced  from  the  statistics 
relating  to  "  existing  "  and  those  relating  to  "  died  ",  and  valuation 
factors  based  on  one  of  the  tables  would  differ  considerably  from 
valuation  factors  based  on  the  other. 

Since  perusing  Mr.  Allin's  remarks,  I  have  looked  further  into 
the  question  of  the  relative  average  ages  of  husbands  and  wives,  and 
the  average  ages  of  widows  at  the  moment  of  entry  into  widowhood, 
as  shown  by  the  statistics  of  the  Scottish  Ministers'  Experience.  I 
find  there  is  an  average  difference  of  56  years  between  the  ages  of 
the  959  existing  married  ministers  and  their  wives,  while  the 
529  widows  were,  on  the  average,  8-5  years  younger  than  their 
husbands  were  when  they  died. 

The  following  figures  show  this  difference  analyzed  : 

Existing. 


Age  of  Husbands 

Xo.  of  Cases 

Wives'  ages  less 
on  average  by 

27-39 

186 

1*8   years 

40-49 

296 

4-4       „ 

50-59 

221 

6-4       „ 

60-69 

157 

8-5       „ 

70-79 

81 

10-7       „ 

80- 

18 

10-3       „ 

Died. 


Husbands  dying 
between  ages 

No.  of  Cases 

Widows'  ages  at  date  of 

Husbands'  deaths   less 

on  average  by 

27-39 

40 

2*2   years 

40-49 

67 

5-1       „ 

50-59 

108 

7-3       „ 

60-69 

165 

8-5       „ 

70-79 

116 

11-1       „ 

80- 

33 

17-6      „ 

The  fund  in  question  had  been,  at  the  date  of  the  investigation, 
fifty  years  in  existence.  While,  possibly,  in  the  interval  changes  in 
the  social  condition  have  taken  place,  no  very  great  selection  could 
have  been  exercised  against  the  fund.  Membership  has  always  been 
compulsory  and  is  confined  to  ministers  of  the  Church.  Even  at 
the  inception  of  the  fund  all  the  ministers  then  existing  had  to  join. 
Very  complete  records  have  always  been  kept,  and  the  statistics  can 
be  considered  reliable. 

In  taking  exception  to  Mr.  Allin's  remarks  about  the  decrease 
in  the  size  of  families,  I  had  in  view  that  the  statistics  for  the  year 
1881  were  possibly  influenced  by  a  selection  which  might  have  been 
exercised,  when  the  fund  was  started,  by  membership  not  being 
compulsory. 
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ACTUARIAL    NOTE. 


On  the  Calculation  of  Contingent  Assurance  Premiums,  ichen 
Makeham's  law  holds.  By  A.  S.  Hume,  and  W.  Stott,  of 
the  Royal  Insurance  Company,  Liverpool. 

UN  looking  into  Mr.  Colenso's  paper  on  "Contingent 
Assurances  "  (J.I.A.,  xxxi,  p.  337),  the  following  modifications 
and  accompanying  tables  appeared  to  us  to  be  useful  for  practical 
purposes,  and  we  venture  to  submit  them,  in  the  hope  that  they 
will  be  found  of  sufficient  interest  to  the  profession. 

In  preparing  a  table  based  on  the  HM  Experience,  we  had  in 
view  the  importance  of  having  a  complete  set  of  tables  based  upon  a 
single  mortality  table,and  suitable  for  the  student  of  the  Text-Book. 
We  do  not  desire  it  to  be  inferred  that  the  HM  Table  should  be 
used  in  practically  computing  premium  rates  where  survivorship 
contingencies  are  involved. 

YTe,  however,  give  a  similar  table  (with  the  addition  of  a 
column  of  fix)  based  on  the  Carlisle  Table,  graduated  according  to 
Makeham's  formula,  as  this  is  more  likely  to  meet  with  acceptance 
in  actual  practice.  The  tables  of  3  per- cent  annuity- values  given  by 
Mr.  Colenso,  dx,  dxx,  dxxx,  and  dxxxx,  have  been  here  collected  in 
a  convenient  form  for  the  determination  of  annual  premiums. 

Problem.  To  find  the  single  premium  for  an  assurance  of  1 
payable  at  the  death  of  x,  provided  he  dies  first  of  n  lives  x,  y,  z  .  .  . 

From  the  general  formula  (41),  page  233  Text-Book  II,  we  have 

■7! c* —  _  c'J  +  cs+  .  .  .  —  (n  —  l)c*        . 

"-"-"  ■••  ~  cr  +  c»  +  c=+  .  .  .     xy3  ■■  c*  +  c!>+c~-+  ...  "Xi 

where  Xs  represents  the  Napierian  logarithm  of  Makeham's 
constant  s;  or,  writing 

ncr  for  c*  +  cy  +  <?  +  .  .  .,  and  arrr        for  axyz       , 

a;....  .  =  4a-.. .-(i-K" 

ncr  \        nc' j 


Xsa. 


c*    — 
=     —(Artr         +  n\sa}.rr        )  —  \sd, 
ncr 

.    Ti  —r*- \<td 

Cr 

As  particular  cases  we  have — 

A%=C°&?±^-Xsiirr 

s  cr 

~T\  x  -j-Ayyyy  ~T  KSa-rrrr 

■"■xyzw — ~  ~^  XSOrrrr 
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or,  in  more  concise  notation, 

A^=c*x/1(rr)+/a(rr) 

A1xyz  =  cxxf1(rrr)+f2(rrr) 

A-lyz.r  =  cx  x/,  (rrrr)  +f2{rrrr) . 

By  tabulating  log  cx  for  all  required  values  of  x ,  and  log/,(  ), 
and/2(  ),  for  two,  three  and  four  lives,  for  all  necessary  values 
of  r,  we  have  a  simple  and  direct  means  of  making  the  calculation, 
the  operation,  excepting  the  interpolation,  being  (as  — Xs  is  a 
positive  quantity)  entirely  positive.  With  the  Text-Book  at  hand, 
which  enables  us  readily  to  determine  values  of  r,  a  single  page 
will  contain  all  the  tabular  matter  necessary  for  the  three 
particular  cases  considered. 

Example  I.     To  find  XL  .  4„.     HM  (Text-Book)  3  per-cent. 

By  uniform  seniority  table,  or  /x  columu,  r=  36-72. 

log  c32=l/ 26902  log  c32=  1-26902 

log/,(36,  36)  =  3-82223  log/,  (37,  37)  =  379667 


109125 

1  06569 

log-*=   -12338 
/2(36,  36)=   -09514 

log-'=   -11633 
/2(37,  37)=   -09341 

•21852 
•20974 

•20974 

•00878  x  -72 
=   -00632 

.-.  AL:W  =   -21220 

Example  II.     To  find  A*.,  .,-■:«•     HM  {Text-Book)  3  yer-cent. 

By  uniform  seniority  table,  or  yu,  column,  r  =  38-49. 

logr50  =  l-1897l  log  c30=  1/18971 

log/, (38,  38,  38)  =3-60755     log/, (39,  39,  39)  =  3-58236 

2-79726  2-77207 

log  -'=  ^06270  log  ~l=   -05917 

/a(38,  38,  38)  =   -07841  /2(39,  39,  39)  =   -Q7670 

•14111  -13587 

•13587 


•00524  x -49 
=   -00257 

■.  AVM!4A  =   -13854 
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[Editorial  Note. — In  his  well-known  paper  on  this 
subject,  Mr.  Colenso  suggests  (J.I. A.,  vol.  xxxi,  p.  341)  a  very 
similar  method  of  dealing  with  the  problem  here  under  notice, 
based  on  the  formula — 

Writing  this  in  slightly  modified  form,  we  have — 
I -Bel, 


=  e-c 


'xyz 


+  Xs .  dxys 


—  Xs.axyz 


The  identity  of  this  expression  with  that  forming  the  basis  of 
Messrs.  Hume  and  Stott's  Tables  is  at  once  apparent. 

It  will  be  remembered  that  the  tables  appended  to 
Mr.  Colenso's  paper  (J.I. A.,  xxxi,  pp.  354-6),  and  also  those 
subsequently  published  by  that  gentleman  (xxxii,  pp.  187-193), 
were  based  upon  methods  different  from  the  above,  involving  the 
calculation  of  annuity-values  on  joint  lives  of  equal  ages  at  a 
special  rate  of  interest. 

It  should  perhaps  be  noted  that  the  present  writers  follow 
Mr.  Colenso  in  adopting,  for  the  Carlisle  Table,  the  graduation 
by  Messrs.  G.  King  and  G.  F.  Hardy's  "  first  curve  ",  deduced 
by  their  "  aggregate "  method,  from  the  data  in  four  groups 
of  twenty  ages  each,  between  the  limits  of  age  15  and  94,  with 
a  single  set  of  constants  throughout  (see  J.I.A.,  vol.  xxii,  p.  201). 
The  value  of  log10c  adopted  for  this  first  curve  was  "0396671. 
As  the  value  adopted  for  the  HM  (Text-Book)  Table  was 
•03965686,  which  differs  by  slightly  more  than  -00001  from  the 
above,  the  tables  of  uniform  seniority  given  in  the  Text-Book, 
Part  II  (second  edition),  can  (excepting  in  extreme  cases  of 
difference  between  the  individual  ages)  be  used  without 
appreciable  error  in  determining  the  equivalent  age,  where  it  is 
desired  to  employ  the  Carlisle  Tables,  as  here  given,  for  the 
determination  of  the  premium.] 


1905.]      Calculation  of  Contingent  Assurance  Premiums.  373 


Factors  for  Contingent  Assurances. 
HM  (Text-Book  Graduation)  3  per-cent  (log  10c= -03965686). 


X 

20 

log  cx 

r 

log/i(rr) 

Mrr) 

toff/iC*""") 

Mrrr) 

logfi(rrrr)   /2(rrrr) 

•79314 

20 

2-20298 

•11837 

201270 

•10396 

386649 

•09316 

21 

•83279 

21 

•18316 

•11700 

3-99639 

•10260 

•85403 

•09181 

22 

•87245 

22 

•16210 

•11566 

■97807 

•10129 

■sw;s 

•09054 

23 

•91211 

23 

13978 

•11436 

•95812 

•10002 

■82093 

•08932 

24 

•95176 

21 

■11687 

•11305 

•93715 

•09876 

■80167 

•08814 

25 

•99142 

25 

•09311 

•11171 

•91529 

•09751 

•78141 

•08696 

26 

1-03108 

26 

•06957 

•11011 

•89299 

•09624 

•76047 

•08577 

27 

107074 

27 

04550 

•10905 

•87032 

■09495 

•73902 

•08456 

23 

111039 

28 

•02132 

•10765 

■84746 

•09362 

•71743 

•03331 

29 

J -15005 

29 

399691 

•10622 

•82423 

•09227 

•69536 

•08204 

30 

1-18971 

30 

•97238 

•10475 

•80091 

•09087 

•67303 

•08074 

31 

122936 

31 

•94777 

•10324 

•77749 

•08944 

•65077 

•07939 

32 

1-26902 

32 

•92293 

•10170 

•75378 

•08797 

•62306 

•07801 

33 

1-30868 

33 

•89801 

•10011 

•72998 

•08646 

•60519 

•07659 

34 

1-34833 

34 

•87290 

•09849 

•70594 

•08491 

•58206 

•07514 

30 

1-38799 

35 

•84766 

•09683 

•68161 

•08334 

•55866 

•07366 

36 

1-42765 

36 

•82223 

•09514 

•65711 

•08173 

•53496 

•07215 

37 

1-46730 

37 

•79667 

•09341 

•63238 

•08009 

•51111 

•07060 

38 

1-50696 

38 

•77092 

•09165 

'60755 

•07841 

•48696 

•06902 

39 

1-54662 

39 

•74504 

•08984 

•58236 

•07670 

•46262 

•06741 

40 

1-58627 

40 

•71889 

•03802 

•55696 

■07497 

•43781 

•06579 

41 

162593 

41 

•69261 

•08615 

"53135 

•07321 

•41285 

•06413 

42 

1-66559 

42 

•66616 

•08425 

"50555 

07141 

•38764 

•06244 

43 

1-70524 

43 

•63947 

•03233 

•47937 

•06961 

•36202 

•06075 

44 

1-74490 

41 

•61260 

•08038 

•45301 

•06777 

•33612 

•05904 

45 

1-78456 

45 

•58547 

•07841 

•42637 

•06592 

•30991 

•05731 

16 

1-82422 

46 

•55821 

•07641 

•39956 

•06403 

•28346 

•05556 

47 

1-86387 

47 

•53070 

•07139 

•37239 

•06215 

•25664 

•05381 

•is 

1-90353 

48 

•50296 

•07235 

•34491 

•06026 

•22950 

•05205 

49 

1-94319 

49 

•47496 

•07030 

•31717 

•05836 

•20207 

•05028 

50 

1-98284 

50 

•41673 

•06824 

•28919 

•05644 

■17431 

•04851 

51 

2-02250 

51 

•41828 

•06616 

•26094 

•05452 

•14620 

•04675 

52 

2-06216 

52 

•38958 

■06108 

•23228 

•05262 

•11774 

•04499 

53 

2-10181 

53 

•36068 

■06199 

•20341 

•05071 

•08903 

•04323 

54 

2-14147 

54 

•33146 

■05991 

17421 

•04881 

•05987 

•01150 

55 

2-18113 

55 

•30199 

•05782 

•14471 

•04692 

•03034 

•03979 

56 

2-22078 

56 

•27225 

•05575 

•11488 

•04505 

■00056 

•03803 

57 

2-26044 

57 

•2 1226 

•05368 

•08478 

•01319 

4-97042 

•03640 

5  s 

2-30010 

58 

•21202 

•05162 

•05435 

•01135 

•93992 

•03475 

5'J 

233975 

59 

•18149 

•04958 

•02362 

•03954 

•90903 

•03312 

60 

2-37941 

60 

•15069 

•01756 

4-99258 

•03776 

•87788 

•03153 

61 

241907 

61 

•11962 

•01556 

•96120 

•03601 

•84638 

•02997 

62 

2-45873 

62 

•08327 

•04359 

•92953 

•03429 

•81455 

•02844 

63 

2-49838 

63 

•05664 

•04165 

•89758 

■03260 

•78236 

•02696 

64 

2-53804 

64 

•02470 

•03975 

•86527 

•03096 

•74987 

•02551 

65 

2-57770 

65 

4-99254 

•03787 

•83267 

•02936 

•71703 

•02411 

66 

2-61735 

66 

•96005 

■03605 

•79977 

■02780 

•68385 

•02276 

67 

2-65701 

67 

•92733 

•03425 

•76660 

•02629 

•65038 

02145 

68 

2-69667 

63 

•89428 

•03251 

•73308 

•02483 

•61661 

•02019 

69 

2-73632 

69 

•86100 

•03031 

•69933 

•02341 

•58256 

•01897 

70 

2-77598 

70 

•82746 

•02915 

•66528 

■02204 

•54822 

•01780 

71 

2-81564 

71 

•79360 

•02758 

•63091 

•02073 

•51353 

•01669 

72 

2-85529 

72 

•75952 

•02601 

•59633 

•01947 

•47860 

•01563 

73 

2-89495 

73 

•72515 

•02152 

■58145 

•01826 

•44343 

•01461 

74 

2-93461 

74 

•69056 

•02307 

•52632 

•01710 

•40797 

•01364 

75 

2-97426 

75 

•65571 

•02169 

•49093 

•01600 

■37229 

•01272 

76 

301392 

76 

•62061 

•02036 

•45531 

•01495 

•33635 

•01185 

77 

305358 

;  7 

•58526 

•01909 

•41944 

•01395 

•30016 

•01103 

78 

309324 

78 

•54967 

•01788 

•38336 

•01300 

•26378 

•01025 

79 

3-13289 

79 

•51389 

•01672 

•34706 

•01211 

•22721 

•00951 

80 

3-17255 

80  1 

•47786 

•01562 

•31055 

•01126 

•19040 

•00882 
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Factors  for  Contingent  Assurances. 
Carlisle  Table  (Makeham  Graduation)  3 per-cent  (log ,0c=  0396671). 
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logc* 

■79334 

r 
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Litis 
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Lives 

Four  Lives 

''•'• 

log/i(n-) 

Mrr) 

log/i(?-rr) 

Mrrr) 

Iog/i(rrrr) 

Mrrrr) 

20 

20 

•00874 

20 

2-11718 

-1  IM'tJ 

391055 

•128S3 

375333 

•11328 

21 

•00879 

■83301 

21 

•09518 

•14871 

■89077 

■12775 

•73554 

•11232 

21 

22 

■00884 

•87268 

22 

•07318 

•1  1-745 

•87083 

•12663 

■71749 

•11132 

22 

23 

•00890 

j  91234 

23 

•05107 

•14615 

•85086 

■12546 

•69928 

•11028 

{23 

24 

•00896 

J  -95201 

21 

•02881 

•14480 

•83068 

•12425 

•68075 

•10920 

24 

25 

•00903 

•99168 

25 

•00610 

•14341 

•81034 

•12299 

•66211 

•10808 

25 

26 

•00910 

103134 

26 

3-98402 

•14196 

•78978 

•12169 

•64334 

•10691 

26 

27 

•00919 

L-07101 

27 

•96137 

•14048 

•76916 

•12034 

•624 17 

•10569 

i  27 

28 

•00928 

1-11068 

28 

•93869 

•13894 

•74828 

•11894 

•60524 

•10443 

28 

29 

•00938 

1-15035 

29 

•91583 

•13736 

•72726 

•11750 

■58565 

•10313 

29 

30 

•00948 

1-19001 

30 

■89288 

•13572 

•70602 

•11601 

•56609 

•10177 

30 

31 

•00960 

L-22968 

31 

•86983 

•13403 

•68461 

•11447 

•54615 

•10037 

31 

32 

•00973 

1-26935 

32 

•84653 

•13230 

•66307 

•11288 

•52604 

•09892 

32 

33 

•00987 

L -30901 

33 

•82319 

•13051 

•64126 

•11124 

•50561 

■09743 

33 

34 

•01003 

1-34868 

34 

•79958 

•12868 

•61929 

•10955 

•48498 

•09589 

34 

35 

•01020 

1-38835 

35 

•77588 

•12679 

•59712 

•10781 

•46413 

•09130 

35 

36 

■01039 

1-42802 

36 

■75205 

•12485 

•57462 

•10603 

•44297 

•09266 

36 

37 

•01059 

1-46768 

37 

•72800 

•12287 

•55198 

10420 

•42157 

•09098 

37 

38 

•01082 

1-50735 

38 

•70380 

•12083 

•52912 

•10232 

•39979 

08926 

38 

39 

•01106 

1-54702 

39 

•67943 

•11874 

•50594 

•10040 

•37783 

•08749 

39 

40 

•01133 

1-58668 

40 

•65487 

•11661 

•48262 

•09843 

•35553 

■08568 

40 

41 

•01162 

1-62635 

41 

•63008 

•11443 

•45901 

•09641 

•33293 

•08383 

41 

12 

•01195 

1-66602 

42 

•60512 

•11220 

•43513 

■09436 

•31001 

•08194 

42 

43 

•01230 

1-70569 

43 

•57991 

•10994 

•41102 

•09226 

•28682 

•08001 

43 

44 

•01269 

1-74535 

44 

•55453 

•10763 

•38662 

•09013 

•26329 

•07805 

44 

45 

•01311 

1-78502 

45 

•52897 

•10527 

•36194 

•08796 

•23938 

•07606 

15 

46 

•01358 

1-82468 

46 

•50314 

•10288 

•33698 

•08576 

•21516 

•07404 

46 

47 

•01409 

1-86435 

47 

•47710 

•10045 

•31174 

•08353 

•19065 

•07199 

17 

48 

•01465 

1-90402 

48 

•45084 

•09799 

•28617 

•08127 

■16572 

•06992 

48 

49 

•01526 

1-94369 

49 

•42435 

•09549 

■26032 

•07899 

•14053 

■06782 

49 

50 

•01593 

198335 

50 

•39756 

•09298 

•23421 

•07668 

•11488 

•06572 

50 

51 

01667 

2-02302 

51 

•37056 

•09013 

•20776 

•07436 

•08891 

■06360 

51 

52 

•01747 

206269 

52 

•34332 

•08785 

•18099 

•07202 

•06263 

•06147 

52 

53 

•01836 

2-10236 

53 

•31580 

•08527 

•15388 

•06968 

•03594 

•05933 

53 

54 

•01932 

2-14202 

54 

•28801 

•08267 

•12644 

•06733 

•00886 

•05720 

54 

55 

•02038 

2-18169 

55 

•25996 

•08005 

•09873 

•06497 

4-98141 

•05507 

55 

5G 

•02154 

2-22136 

56 

•23164 

•07743 

•07065 

•06262 

•95357 

•05295 

56 

57 

•02281 

2-26102 

57 

•20300 

•07482 

•04224 

•06028 

•92537 

•05084 

57 

58 

02421 

2-30069 

58 

•17414 

•07219 

•01349 

•05795 

•89684 

•01874 

58 

59 

■02573 

2-34036 

59 

•14495 

•06958 

4 98440 

•05563 

•86784 

•04667 

59 

60 

•02741 

2-38003 

60 

11547 

•06698 

•95497 

•05333 

•83852 

•04462 

60 

61 

•02924 

241969 

61 

•08572 

■06440 

•92521 

•05106 

•80881 

•04259 

61 

62 

03125 

2-45936 

62 

•05566 

•06182 

•89509 

•04882 

•77871 

•04060 

62 

63 

•03345 

2-49913 

63 

•02530 

•05929 

•86462 

•04661 

•74823 

•03865 

63 

64 

•03586 

2-53869 

64 

4-99468 

•05677 

•83384 

•04444 

■71740 

•03674 

64 

65 

•03850 

2-57836 

65 

•96372 

•05429 

•80270 

•04231 

•68617 

•03487 

65 

66 

•04139 

2-61803 

66 

•93247 

■05185 

•77121 

•04022 

•65458 

■03305  i 

66 

67 

•04456 

2-65770 

67 

•90090 

•04945 

•73939 

•03819 

•62263 

•03128 

67 

68 

•04804 

2-69736 

6S 

•86905 

•04710 

•70727 

'03620 

•59033 

•02956  j 

68 

69 

•05184 

2-73703 

69 

•83690 

•04480 

•67477 

•03427 

•55766 

•02790  , 

69 

70 

•05601 

2-77670 

70 

•80444 

•04255 

•64200 

•03239 

•52470 

•02628 

70 

71 

•06058 

2-81636 

71 

•77170 

•04036 

•60888 

•03058 

•49137 

•02473 

71 

72 

•06558 

285603 

72 

•73867 

•03822 

•57546 

•02882 

•45771 

02324 

72 

73 

•07107 

2  89570 

73 

•70534 

•03615 

•54172 

•02713 

•42370 

•02181 

73 

74 

•07707 

293537 

74 

•67171 

•03415 

•50766 

•02551 

•38941 

•02014 

74 

75 

08366 

2-97503 

75 

'63782 

•03221 

•47334 

•02394 

•35484 

•01913 

75 

76 

•09087 

3-01470 

76 

•60365 

•03034 

•43871 

•02245 

•31995 

•01788 

76 

77 

•09877 

3-05437 

77 

•56920 

•02854 

•40381 

•02102 

•28478 

•01669 

77 

78 

•10743  1 

3-09403 

78 

•53450 

•02681 

•36867 

01965 

•24938 

•01556 

78 

79 

•11692  . 

3-13370 

79 

•49955 

•02515 

•33324 

•01835 

•21369 

•01449  79 

80 

•12731  ; 

3-17737 

80 

•46434 

•02356 

•29757 

•01712 

•17773 

•01348  1 80 
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Annuity-Values. 
Carlisle   Table  (Jfakeham   Graduation) — 3  per-cent. 
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20 

22  023 

18181 

15-623 

13-737 

21 

21-864 

1803  4 

15-492 

13-621 

22 

21-700 

17-881 

15356 

13-500 

23 

21-530 

17723 

15214 

13-374 

24 

21-356 

17560 

15-067 

13-243 

25 

21-175 

17391 

14-915 

13107 

26 

20-990 

17-216 

11-757 

12-965 

27 

20-798 

17036 

14-593 

12-817 

28 

20-601 

16-849 

14-424 

12664 

29 

20-399 

16657 

14-249 

12-506 

30 

20-190 

16-459 

14-068 

12-342 

31 

19-975 

16254 

13-881 

12172 

32 

19-754 

16044 

13-688 

11-996 

33 

19-527 

15-827 

13-490 

11-815 

34 

19294 

15605 

13-285 

11-628 

35 

lb  -055 

15-376 

13074 

11-435 

36 

18-809 

15-141 

12  858 

11-237 

37 

18-558 

14-900 

12-636 

11033 

38 

18-300 

14653 

12-408 

10-824 

39 

18035 

11-400 

12175 

10-610 

40 

17-765 

11-141 

11-936 

10-390 

41 

17-488 

13-877 

11-692 

10166 

42 

17-205 

13-607 

11-413 

9-937 

43 

16-917 

13332 

11-189 

9-703 

44 

16-622 

13052 

10930 

9465 

45 

16-321 

12-766 

10-667 

9-224 

46 

16-015 

12-476 

10400 

8-979 

47 

15-703 

12-182 

10129 

8-730 

48 

15-386 

11-883 

9856 

8-479 

49 

15-063 

11-580 

9-579 

8-225 

50 

14736 

11275 

9-299 

7-970 

51 

14-404 

10-966 

9017 

7-713 

52 

14068 

10654 

8-734 

7-454 

53 

13-728 

10  340 

8-150 

7195 

54 

13-384 

10025 

8165 

6-937 

55 

13-036 

9-708 

7-879 

6-678 

56 

12686 

9-390 

7-594 

6421 

57 

12-333 

9-073 

7-310 

6165 

58 

11-978 

8-755 

7-027 

•      5-910 

59 

11-621 

8-438 

6-746 

5-659 

60 

11263 

8123 

»;-4t-s 

5-410 

61 

10-904 

7-809 

6-192 

5'165 

62 

10-516 

7-498 

5-920 

4-924 

63 

10187 

7-190 

5-653 

4-687 

64 

9-829 

6-885 

5-389 

4-455 

65 

9-473 

6-584 

5-131 

4-229 

66 

9-119 

6-288 

4-878 

4-008 

67 

8-768 

5-997 

4631 

3-793 

68 

8-419 

5-712 

4-390 

3-585 

69 

8-074 

5-433 

4-156 

3383 

70 

7-734 

5-160 

3-928 

3187 

71 

7-398 

4-894 

3-708 

2-999 

72 

7-068 

4-635 

3-495 

2-818 

73 

6743 

4-3S  I 

3-290 

2645 

74 

6425 

4-141 

3-093 

2-479 

75 

6-113 

3-906 

2-904 

2320 

76 

5-809 

3-679 

2-722 

2168 

77 

5'513 

3461 

2-549 

2-024 

78 

5-224 

3-251 

2-383 

1-887 

79 

4-944 

3-050 

2-226 

1-757 

80 

4-673 

2-857 

2076 

1-635 
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On  fitting  curves  to  a  series  of  measurements  or  observations.* 
If  the  form  of  an  expression  having  n  unknown  constants  he  given, 
and  it  has  heen  ascertained  that  in  t  cases  the  expression  assumed 
certain  values,  we  can  ohtain  the  n  constants  exactly  when  n  =  t 
provided  the  equations  are  capable  of  solution;  but  if  t>n,  and  the 
values  assumed  are  only  known  approximately,  the  choice  of  a 
good  method  of  finding  the  unknown  constants  becomes  a  more 
complicated  matter.  The  problem  is  of  considerable  statistical 
importance,  and  the  particular  case  of  Makeham's  hypothesis  has 
often  been  attacked  by  actuaries  who  have  required  to  find  values  of 
a,  (3  and  c  in  the  equation  colog^a-=a+/Scar,  when  approximate 
values  of  colog^^  have  been  found  for  several  values  of  x. 
Dr.  Cantelli,  in  the  memoir  before  us,  attempts  a  solution  of  the 
general  problem ;  he  first  remarks  that  the  "  method  of  least 
squares",  though  giving  an  excellent  result,  is  of  small  practical 
value,  because  it  often  leads  to  equations  which  are  incapable  of 
solution ;  and  then,  on  lines  almost  identical  with  those  followed 
by  Professor  Pearson  in  "Biometrika"  (vol.  i,  part  3),  he  shows 
that  the  method  of  moments,  and  a  new  method  which  is  the  real 
subject  of  the  paper,  give  results  almost  as  satisfactory  as  the 
method  of  least  squares  from  the  point  of  view  of  close  agreement, 
and  are  considerably  better  as  general  methods  for  practical  work. 
Dr.  Cantelli's  method  consists  in  dividing  the  statistics  into  groups, 
and  equating  the  figures  to  corresponding  areas  deduced  from  the 
theoretical  curve,  just  as  Mr.  King  and  Mr.  Gr.  F.  Hardy  applied 
Makeham's  hypothesis  by  the  summation  method  which  is  given  in 
Part  II  of  the  Text-Book ;  he  uses,  however,  not  the  sum,  but  the 
integral,  which  is  much  simpler  on  the  theoretical  side,  and  for 
nearly  all  statistical  purposes  more  accurate.  For  instance,  if 
it  were  desired  to  find  values  for  a0,  alf  a2,  in  the  expression 
y=za0  +  aiX  +  a2x2,  in  order  to  graduate  a  series  of  exposed  to  risk  from 
age  20  to  age  97,  Dr.  Cantelli  would  first  divide  the  series  of  exposed 
into  three  groups  (because  there  are  three  constants,  and  therefore 

z=45  3C=71  2=97 

three  equations  are  required)  and  obtain    2  Ea.,     2  E.r,  and  2  E^ 

3=20  2=46  2=72 

from  the  ungraduated  statistics. 

Since  the   exposed   at   age   x   gives   all   those  exposed   between 

x=m 

ages   x—  \   and  x  +  \,  the   values   of     2  E#  can    be    equated    to 

ydx,  aud  the  following  equations  are  formed,  from  which  the 
n— j 
constants  are  obtained — 

>45'5  *=4S 

(aQ  +  a1x  +  a.2.v0-)dx=2Ga0  +  S-ioa1  +  2S927a.2=-2,  Ex 

19-5  2=20 

r»71-5  2=71 

(a0  +  alx  +  a.2x*)dx=26a0  + 1521^  +  90443«2=2  E* 

45-5  2=46 

»97-5  2=97 

(a0+a1x  +  a.2x2)dx=26a0  +  2197a1  +  lS71Ua2=Z  Ex 

71-5  2=72 

*  "  Sull'  adattamento  delle  curve  ad  una  scrie  di  raisure  o  di  osservazioui." 
By  Dr.  Francesco  P.  Cantelli.    Rome,  1905. 
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Dr.  Cantelli's  practical  examples  are  interesting,  especially  as  in 
one  case  he  gets  a  closer  agreement  than  that  ohtained  by  the  method 
of  moments,  but,  as  is  almost  necessarily  the  case  when  an  alternative 
solution  of  a  well-known  problem  is  suggested,  we  feel  that  some 
objections  to  the  method  require  more  consideration  than  Dr.  Cantelli 
has  given  them  in  his  present  memoir.  Messrs.  King  and  Hardy 
pointed  out  that  they  made  one  or  two  trials  before  deciding  on  the 
best  groups  for  their  summation  method,  and  this  trial  work,  to  which 
Dr.  Cantelli  also  refers,  is  a  strong  objection  to  his  "  method  of  areas  " 
as  it  is  conveniently  termed.  Another  objection  is,  that  the  method 
assumes  that  we  can  integrate  the  theoretical  expression  between  any 
required  limits,  which  is  not  always  possible  (for  example,  e~cix~h)' 
between  a  and  b)  ;  and  in  this  respect  the  method  compares 
unfavourably  with  the  method  of  moments,  where  integration  has 
only  to  be  performed  between  the  extreme  limits  assumed  by  the 
curve,  which  is  more  often  possible  (for  example,  e~cLv~hr"  between 
-co  and  +  co  ) ;  and  a  solution  might  sometimes  be  obtained,  even 
when  integration  is  impossible,  by  the  use  of  a  reduction  formula 
connecting  the  successive  moments. 

We  think,  therefore,  that  the  method  of  areas  is  unlikely  to  be 
sufficiently  general  to  replace  Professor  Pearson's  method,  but 
Dr.  Cantelli's  interesting  paper,  even  if  it  does  nothing  else,  serves 
to  remind  us  that  it  may  yet  be  possible  to  find  new  methods  of 
solving  statistical  problems,  as  general  as  those  in  present  use,  and 
that  research  in  theoretical  statistics  is  worthy  of  the  energy  which 
some  investigators  are  bestowing  on  it. 

W.  P.  E. 

The  Simplification  of  Calculations  by  Mechanical  and  Graphical 

Processes.* 

The  great  extent  of  modern  financial  institutions,  and  the  growing 
volume  of  the  calculations  required  in  their  administration,  necessitate 
recourse  to  labour-saving  devices,  to  cope  with  the  mass  of  work 
which  could  not  be  accomplished  by  ordinary  methods.  Logarithms 
and  other  mathematical  tables,  the  slide  rule  and  the  Arithmometer, 
have  long  been  familiar  instruments  for  the  purpose,  and  more 
recently  the  Comptometer  and  the  Cash  llegister  have  been  widely 
adopted  in  banking  and  business  houses.  M.  d'Ocagne,  in  his  account 
of  calculating  machinery  and  devices,  describes  all  these,  and  others 
not  so  widely  employed. 

He  divides  appliances  for  calculation  into  the  six  following 
groups : 

1.  Arithmetical  instruments, 

2.  Arithmetical  machines, 

3.  Logarithmic  instruments  and  machines, 

4.  Numerical  tables, 

5.  Graphic  tracings, 

G.     Graphic  tables  (the  abacus  or  nomogram), 

*  "  Le  Calcul  Simplifie  par  lea  Procedes  Mecauiques  et  Grapliiques."  By 
Maurice  d'Ocagne,  Engineer  of  Roads  and  Bridges  ;  Professor  at  the  School 
of  Roads  and  Bridges;  Lecturer  at  the  Polytechnic  School.  Second  Edition. 
Paris,  1905. 
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traces  their  development  historically,  and  indicates  their  mechanism 
and  scope,  the  text  being  supplemented  by  diagrams  and  illustrations 
of  the  machines. 

To  Blaise  Pascal  apparently  belongs  the  distinction  of  having 
invented  the  first  calculating  machine.  This  he  did  in  1G42  at  the 
age  of  18,  with  the  object  of  simplifying  the  work  of  his  father,  who 
held  a  Government  post  in  Normandy.  The  invention  opened  a  new 
field  for  mecbanicians,  and  found  numerous  imitators,  but  the  labours 
of  many  of  these  are  now  merely  of  historical  interest.  Latterly, 
Americans  have  been  foremost  in  the  production  of  practical  appliances 
for  calculation.  Among  other  machines,  the  author  describes  the 
Burroughs  Comptometer,  which  adds  several  columns  of  figures  at 
once,  and  the  Comptograph  of  Felt  and  Tarrant,  which  not  only 
adds,  but  also  prints  the  columns  and  their  totals.  The  Cash 
Register,  invented  by  Messrs.  Patterson,  of  Dayton,  Ohio,  is  also 
used  in  many  business  houses.  In  1820,  M.  Thomas  (of 
Colmar)  invented  his  Arithmometer,  which  adds  and  subtracts, 
and  by  continued  operations  multiplies  and  divides.  M.  d'Ocagne 
describes  its  ingenious  mechanism  at  some  length.  The  smaller 
German  machine  known  as  the  Brunsviga,  originally  invented  by 
a  Russian  named  Odhner,  also  adds  and  subtracts,  and  multiplies 
and  divides  by  repeated  addition  and  subtraction.  The  essential 
feature  of  most  of  these  machines  is  a  system  of  wheels  with 
a  variable  number  of  teeth.  This  feature  is  adopted  in  various 
German  machines,  among  others  those  invented  by  Biittner  (1888), 
Esser  (1892),  and  Kuttner  (1894),  of  which  the  Biittner  machine 
resembles  Thomas's  Arithmometer  in  appearance. 

Other  machines  are  based  upon  the  principles  underlying  the 
calculus  of  finite  differences,  with  the  object  of  effecting 
summations  which  permit  of  passing  from  the  constant  value  of  a 
fourth  (or  other)  difference  to  the  value  of  third  differences,  from 
these  to  second  and  first  differences,  and  finally  to  the  values  of  an 
expression  of  the  fourth  degree.  Such  a  machine  was  invented  by 
George  Scheutz*  with  the  aid  of  his  son  Edward.  He  conceived  the 
original  idea  in  1834,  but  did  not  finally  realize  it  until  1853,  and  the 
machine  was  exhibited  at  the  French  Exhibition  of  1855.  It  was 
purchased  for  the  Dudley  Observatory  at  Albany  in  the  United 
States,  and  has  been  used  for  the  calculation  of  tables  of  logarithms, 
sines,  and  logarithmic  sines.  It  prints  as  well  as  calculates  the 
tables.  Under  the  head  of  Analytical  and  Algebraical  Machines, 
M.  d'Ocagne  also  describes  Babbage's  invention,  the  completion  of 
which  was  interrupted  by  his  death. 

Following  an  explanation  of  the  principles  of  logarithms  and 
logarithmic  calculations,  M.  d'Ocagne  gives  a  description  of  various 
forms  of  slide  rule,  including  the  spiral  slide  rule  invented  by 
Professor  George  Fuller.  This  compact  instrument  is  equivalent 
to   a   straight    rule    83   feet    4    inches    long,   or    a    circular    rule 

*  One  of  these  machines  was,  as  is  well  known,  purchased  by  the  British 
Government,  and  employed  in  tbe  General  Register  Office  for  the  calculation  and 
printing  of  some  of  the  tabular  results  deduced  from  the  English  Life  Table 
No.  3.  (See  English  Life  Table,  1864,. Introduction,  page  xiii;  also  Mr.  Peter 
Gray's  reference  in  J.I.A.,  vol.  xvii,  page  252,  footnote.) — En.  J.I.A. 
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13  feet  3  inches  in  diameter,  and  gives  results  approximating  within 
1  in  10,000.  Mention  is  also  made  of  M.  Torres'  machine,  by  the 
aid  of  which  may  be  solved  equations  of  the  form  aP  +  A#8=B,  or 
x9  +  Ax~=B,  and  the  appendix  contains  a  full  description  of 
Tchebichef's  arithmetical  machine,  which  adds,  multiplies,  subtracts, 
or  divides. 

Of  special  interest,  on  account  of  its  less  general  employment  in 
this  country,  is  the  instrument  invented  by  M.  Leon  Bollee,  to  whom 
belongs  the  honour  of  devising  the  first  machine  for  performing  the 
operation  of  multiplication  directly,  and  not  by  repeated  additions. 
Like  Pascal,  he  did  this  when  eighteen  years  of  age,  and  the  machine 
was  first  publicly  exhibited  at  the  Exposition  Universelle  of  1889. 
To  quote  M.  d'Ocagne,  "in  1892  M.  Bollee  constructed  a  new  model 
of  his  machine,  in  which  are  realized  perfections  of  the  highest  interest. 
Thus,  a  general  clutch  system  is  arranged  in  such  a  manner  that  the 
machine  refuses,  not  only  to  perform  a  calculation  which  is  impossible 
or  false,  but  also  to  make  any  false  movement,  even  against  the 
inclination  of  the  operator.  The  advantage  of  this  arrangement  is 
not  apparent  for  multiplication,  but  it  is  felt  in  division,  and  in  a 
remarkable  manner  in  the  extraction  of  a  square  root,  which,  in  the  first 
model  of  the  Bollee  machine,  as  in  preceding  machines,  demanded 
sustained  attention  on  the  part  of  the  operator,  but  which  in  the  new 
model  is  effected  quite  automatically,  an  achievement  one  would  have 
been  tempted  to  consider  a  priori  as  almost  impossible  of  realization." 

The  concluding  portion  of  the  book  deals  with  computation  by 
graphic  methods,  applicable  mainly  to  approximate  calculations, 
and  therefore  of  interest  to  the  engineer  rather  than  the  actuary. 
The  work  forms  a  valuable  reference  to  the  field  of  mechanical  aids 
to  computation,  a  field  seemingly  wide  enough  to  be  bewildering,  but, 
as  M.  d'Ocagne  says  in  his  closing  paragraph,  "  In  the  arsenal  of 
tools  he  is  permitted  to  explore,  a  good  workman  is  not  at  a  loss 
to  select  that  best  suited  to  his  task." 

W.  E.  S. 
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ROYAL   PATRIOTIC   FUND   CORPORATION* 

By  the  "  Act  to  reorganize  the  administration  of  the  Patriotic 

Fund"  (3  Edw.  VII,  c.  20),  which  was  passed  11  August  1903, 

the  Patriotic  Commission  was  dissolved  as  from  31  December  1903, 

and  a  body  corporate  was  established,  under    the    title  of  the 

"  Royal  Patriotic   Fund   Corporation ",  to   which  the   property, 

rights,  duties,  and  liabilities  of  the  Commission  were  transferred. 

*  For  previous  references  to  the  Patriotic  Fund  in  the  Journal,  see 
vol.  xxxvi,  pp.  85,  400:  vol.  xxxvii,  p.  446;  and  vol.  xxxviii,  p.  378;  also 
Messrs.  Schooling  and  Rusher's  paper  on  "The  Mortality  Experience  of  the 
Imperial  Forces  during  the  War  in  South  Africa,  1899-1902 "  (vol.  xxxvii, 
pp.  545-616) ;  and  Messrs  Burn  and  McDonald's  paper  on  "  The  Eates  of 
Re-marriage  and  Mortality  amongst  Widows  in  Receipt  of  Relief  from  the 
Patriotic  (Russian  War)  Fund"  (vol.  xxxviii,  pp.  433-494.). 
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By  the  first  schedule  of  the  Act,  the  Corporation  is  constituted  as 
follows  :  (a)  twelve  "  appointed  members  "  nominated  by  His 
Majesty  for  three  years,  but  eligible  for  re-appointment ;  (b)  the 
Lord  Lieutenants  of  Counties ;  (c)  the  Chairman  of  every  County 
Council;  (d)  the  Lord  Mayors,  and  Mayors  of  County  Boroughs 
in  England,  "Wales,  and  Ireland  ;  (e)  the  Lord  Provosts,  and 
Provosts  of  Burghs  in  Scotland  having  a  population  of  more  than 
50,000  at  the  last  Census ;  and  (/)  not  more  than  seven  co-opted 
members.  The  above  constitute  the  Council,  and  provisions  are 
added,  for  the  appointment  from  that  body  of  an  Executive 
Committee;  for  deposit  of  all  securities,  and  the  interest  thereon, 
at  the  Bank  of  England;  for  audit  of  the  accounts  of  the 
Corporation ;  and  for  annual  reports  to  His  Majesty. 

The  Forty-second  (and  final)  Report  of  the  Commissioners,  for 
the  year  1903,  has  been  published  as  a  Blue  Book,  and  includes 
a  Table  of  the  Beneficiaries  on  the  various  Funds  under  their 
administration  ;  also  a  statement  of  the  balances  in  hand  on  each 
such  Fund,  and  detailed  Capital  Accounts  and  Income  Accounts 
to  31  December  1903,  in  respect  of  each  Fund. 

The  following  letter  was  addressed  to  the  Council  of  the 
Institute  of  Actuaries,  in  February  1904,  by  Colonel  J.  S.  Young, 
Secretary  of  the  Corporation  : 

53,  Charing  Cross, 

Loxdox,  S.W. 

20  February   1904. 

Dear  Sirs, — You  are,  it  is  believed,  aware  that  the  Eoyal 
Commission  of  the  Patriotic  Fund  was  dissolved  as  from  31  December 
last  by  Act  of  Parliament  passed  last  year,  and  that  under 
the  same  Act  the  property,  rights,  duties  and  liabilities  of  the 
Commission  have  been  transferred  as  from  the  1st  January  to  the 
Royal  Patriotic  Fund  Corporation. 

'The  Executive  Committee  of  the  new  Corporation  have  been 
considering  the  financial  position  of  the  various  Funds  for  the 
administration  of  which  the  Corporation  will  be  responsible 
henceforth. 

The  position  of  the  Transvaal  War  Fund,  as  set  forth  in  the 
Report  of  your  Council  to  the  late  Patriotic  Fund  Commission,  dated 
18  May  1903,  has  been  especially  considered  in  view  of  your  estimate 
that  no  less  a  sum  than  £231,000  would  be  required,  in  addition  to 
the  amount  of  the  Transvaal  War  Fund  in  the  hands  of  the  Patriotic 
Fund  Commissioners  at  31  December  1902,  to  enable  the  widows 
on  the  books  of  the  Fund  to  be  placed  upon  the  same  scale  of 
allowances  as  enjoyed  by  widows  on  previous  War  Funds  administered 
by  the  Patriotic  Fund  Commissioners. 

Contributions  to  the  Fund  during  1903  have  been  insignificant  in 
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aggregate  amount,  while,  on  the  other  hand,  the  roll  of  widows  and 
orphans  has  increased,  and  experience  of  former  wars  shows  that  the 
roll  will  go  on  increasing  for  some  time  to  come  by  the  deaths  of 
men  from  wounds  or  disease  contracted  in  the  Transvaal  War. 

His  Royal  Highness  the  Duke  of  Connaught,  President  of  the 
Royal  Patriotic  Fund  Corporation,  and  the  Executive  Committee, 
are  desirous  of  appealing  for  further  contributions  from  the  public  to 
ameliorate,  if  possible,  the  pecuniary  position  of  the  Transvaal 
"War  widows.  But  before  doing  so,  they  feel  they  ought  to  have 
further  actuarial  advice. 

In  these  circumstances  I  am  directed  by  His  Royal  Highness  the 
Duke  of  Connaught,  to  ask  if  your  Council  would  be  pleased  to 
extend  to  the  Corporation  the  great  public  services  they  rendered 
in  actuarially  valuing  the  Funds  under  the  administration  of  the  late 
Patriotic  Fund  Commission,  and  transferred  to  the  new  Royal 
Patriotic  Fund  Corporation. 

In  any  case,  I  am  directed  by  His  Royal  Highness  to  ask  as  a 
favour  that  your  President  and  any  other  representative  of  your 
Council  would  confer  with  the  Finance  Committee  of  the  Corporation 
upon  this  subject. 

I  am,  Dear  Sirs, 

Yours  faithfully, 

(Signed)         J.  S.  YOUNG,  Colonel, 

Secretary. 
The  Honorary  Secretaries, 
Institute  of  Actuaries, 

Staple  Inn  Hall,  W.C. 

A  conference  took  place  on  25  February  1904,  between 
Messrs.  Hughes  (President),  Higham  (Ex-President),  and 
Schooling  (Hon.  Secretary),  as  representing  the  Council  of  the 
Institute,  and  the  Finance  Committee  of  the  Corporation, 
consequent  on  which  the  following  letter  was  addressed  by 
Colonel  Youug  to  the  Hon.  Secretaries  of  the  Institute  : 

53,  Charing  Cross, 

London,  S.W. 

12  April  1904. 

Dear  Sirs, — I  now  transmit  herewith  the  usual  statistical 
information  in  regard  to  the  Funds  in  respect  of  which  my 
Committee  desire  such  information  as  your  Council  feel  they  can 
afford. 

The  information  desired  is  as  follows  : 

1st.  In  regard  to  the  undermentioned  Funds  which  were 
last  actuarially  re-valued  at  the  dates  specified  below, 
it  is  desired  to  be  informed,  approximately,  how  the 
surplus  in  each  Fund  of  assets  over  liabilities,  then 
declared,  has  been  altered  by  the  changes  which  have 
since  occurred. 
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Fund  last  valued  at  31  December  1900. 
Ashantee  War  Fund. 

Funds  last  valued  at  31  December  1901. 
"  Captain  "  Fund. 
"  Eurydice  "  Relief  Fund. 
Zulu  War  Fund. 
"  Atalanta  "  Relief  Fund. 
Light  Brigade  (Balaclava)  Relief  Fund. 
"Victoria"  Relief  Fund. 

Funds  last  valued  at  31  December  1902.* 
Patriotic  (Russian  War)  Fund. 
Rodriguez  Fund. 
Royal  Naval  Relief  Fund. 
Soldiers'  Effects  Fund. 
Transvaal  War  Fund. 
Indian  Mutiny  Relief  Fund. 

2nd.  Information  is  desired  what  increases  of  weekly  allow- 
ances, that  is  to  say,  shillings  per  week,  of  an  equal  rate 
of  increase  for  all  ranks,  could  be  given  to  the  widows  on 

"  Captain "  Fund    .         .         .    £13,484  19     8 

"Eurvdice"  Fund  .         .         4,800     0     0 

Zulu  War  Fund      .         .         .         7,945     7     9 

"  Atalanta "  Fund  .         .         1,200     0     0 

if  the  amounts  stated  opposite  each  Fund  were  added  to 

the  capital  of  each  Fund.     These  were  transferred  from 

each  Fund  as  surpluses  to  the  Patriotic  (General)  Fund 

under  the  provisions  of  section  4,  Patriotic  Fund  Act, 

1881. 

3rd.  In  regard  to  the  Transvaal  War  Fund,  special  information 

is  desired,  in  view  of  the  fact,  explained  to  you  at  the 

conference  held  here  on  25  February,   that,  before   an 

appeal  for  further  contributions  from  the  public  to  the 

Fund   is   made,   my  Committee  feel   it  is  necessary  to 

have    further     actuarial     data     than    the    data    as    at 

31  December  1902,  kindly  furnished  by  your  Council  to 

the  late  Patriotic    Fund  Commission   in   Report   dated 

18  May  1903,  and  contained  in  four  schedules  which 

accompanied  that  Report. 

I  have,  therefore,  been  directed  to  submit  to  you  the  following 
tables,  prepared  exactly  as  the  tables  which  were  prepared  of 
statistics  of  the  Fund  as  at  31  December  1902. 

These  are  lettered  as  follows :  A,  1  and  2 ;  B,  1  and  2 ;  C,  1  and  2 ; 
D,  1  and  2  ;  E  ;  F ;  G,  1  and  2. 

In  connection  with  these  the  information  desired  is  : 

1st.  How  far,  approximately,  the  surplus  of  £69,698  of  assets 
over  liabilities  as  at  31  December  1902,  and  shown  in 
Schedule  3  to  your  Report,  dated  18  May  1903,  has 
altered  by  the  changes  during  the  year  1903. 

*  The  Patriotic  (General)  Fund  was  subsequently  included  in  this  list. 
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2nd.  How  far,  approximately,  the  deficiency,  £231,389, 
required  to  provide  the  benefits  shown  in  Schedule  2  of 
your  Report,  dated  IS  May  1903,  has  been  altered  by 
the  changes  which  have  occurred  in  1903. 

I  am  also  directed  to  transmit  fresh  tables,  B,  3  and  -1  ; 
C,  3  and  4  ;  and  to  ask  what  sum  of  money  would  be  required  to 
provide  the  allowances  at  the  rates  therein  shown,  for  the  numbers 
given  as  at  31  December  1903,  in  addition  to  the  rates  and  according 
to  the  numbers  given  in  Tables  A,  1  and  2  ;  E  ;  and  F. 

I  am  to  add  that  my  Committee  feel  greatly  indebted  to  your 
Council,  and  are  very  reluctant  indeed  to  trouble  them  at  all  for  any 
fresh  valuations,  after  the  Reports  furnished  to  the  late  Patriotic 
Fund  Commission  up  to  31  December  1902.  But.  as  explained  to 
vou  at  the  conference  which  took  place  with  you  on  25  February  last, 
my  Committee  feel  themselves  in  a  position  of  great  difficulty,  as  a 
new  statutory  body  entrusted  with  great  responsibilities,  involving 
an  appeal  for  additional  contributions  from  the  public  in  respect  of 
the  Transvaal  War  widows  and  children. 

Thev  therefore  desire  to  be  assured  of  their  position  actuarially, 
as  referred  to  herein,  to  enable  them  to  act  with  due  regard  to  all 
the  publ'c  interests  concerned. 

I  am,  yours  faithfully, 
(Signed)    *     J.  S.   TOTING,  Colonel, 
Secretary. 
The  President  and  Honorary  Secretaries, 
Institute  of  Actuaries. 

Staple  Inn  Sail,  W.C. 

The  following  is  the  text  of  the  Report  made  to  the 
Corporation,  in  response  to  the  above  letter,  by  the  Council  of 
the  Institute,  showing  the  results  of  a  valuation  of  each  of  the 
several  Funds  as  at  31  December  1903.  A  detailed  Valuation 
Balance  Sheet  in  respect  of  each  Fund  is  appended  to  the 
Report ;  also  additional  schedules,  as  to  the  beneficiaries  under 
the  Transvaal  War  Fund,  and  the  values  of  the  existing  and 
proposed  additional  benefits.  The  results  of  these  Valuation 
Balance  Sheets  are  here  given  in  summary  form  ;  also  (on  p.  386) 
the  detailed  Valuation  Balance  Sheet  of  the  Transvaal  V>  ar 
Fund. 

Institute  of  Actuaries, 

Staple  Lor  Hall, 

London.  W.C. 

17  June  1904. 

ROYAL   PATRIOTIC   FUND   CORPORATION. 

Sir, — In  furtherance  of  the  desire  of  the  Committee  of  the  Royal 
Patriotic  Fund  Corporation  to  be  supplied  with  an  estimate  of  the 
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surpluses  at  their  disposal  on  taking  over  the  various  Funds  lately 
administered  by  the  Commissioners  of  the  Royal  Patriotic  Fund,  we 
now  submit  a  complete  account  of  the  assets  and  liabilities  of 
Fourteen  Funds  (including  the  Transvaal  War  Fund)  as  at 
31  December  1903,  founded  on  the  statistics  supplied  with  the 
Secretary's  letter  of  1-4  April. 

It  was  understood  by  the  members  of  the  Council  of  the  Institute 
who  had  an  interview  with  the  Finance  Committee  of  the  Corporation 
on  25  February,  that  it  was  not  intended  to  provide  for  allowances 
on  further  widowhood,  or  lor  increases  at  certain  ages,  but  as  a  letter 
from  the  Secretary  to  the  Corporation  of  12  April  asks  for  the 
information,  and  supplies  the  necessary  statistics,  the  Council,  in  the 
circumstances,  have  had  the  valuations  made,  and  the  Corporation 
therefore  have  before  them  the  fullest  particulars. 

The  request  made  to  the  Council  was  merely  for  estimates  of  the 
effect  of  the  changes  which  had  taken  place  in  the  membership, 
since  its  last  valuation  of  the  various  Funds.  On  looking  into  the 
matter,  however,  it  was  found  desirable  to  make  a  full  valuation  of 
each  Fund  as  at  31  December  1903,  as  an  estimate  based  upon  the 
changes  only  in  the  number  of  beneficiaries  would  not  have  been 
completely  satisfactory  in  every  case. 

In  the  case  of  four  of  the  Funds,  namely,  The  "  Atalanta  ", 
"Captain",  "  Eurydice ",  and  Zulu  War,  the  Council  was  asked 
what  increases  of  weekly  allowances  could  be  given  now  in  respect  of 
the  surpluses  transferred  from  those  Funds  to  the  Patriotic  (General) 
Fund.  To  enable  the  Corporation  to  estimate  what  additional 
allowances  could  be  granted,  we  have  appended  to  the  balance 
sheet  of  each  of  these  Funds,  and  also  to  that  of  the  Transvaal 
War  Fund,  a  statement  of  the  cost  of  an  extra  shilling  per  week 
to  each  of  the  widows  now  receiving  assistance  from  the  respective 
Funds. 

With  regard  to  the  Transvaal  War  Fund,  we  would  point  out 
that,  if  the  whole  of  the  benefits  detailed  in  Schedules  1  and  2  are  to 
be  granted,  a  further  sum  of  £231,815  will  have  to  be  found  to 
supplement  the  existing  assets  of  the  Fund,  but  if  no  addition  be 
made  to  the  scale  of  allowances  now  granted  to  existing  beneficiaries, 
there  is  a  surplus  available  to  the  Fund  of  £S6,657,  as  shown  in 
Schedule  3,  in  addition  to  which  a  further  sum  of  about  £20,000 
could  be  relied  upon  in  respect  of  the  estimate  made  for  future 
expenses,  which  have  been  assessed  on  the  basis  of  the  complete 
scheme  of  benefits  set  forth  in  Schedule  2. 

In  the  existing  circumstances  of  a  recently  completed  change  in 
the  administration  of  the  Funds,  the  Council  have  once  more 
willingly  supplied  the  Corporation  with  the  fullest  details  possible, 
in  order  to  assist  their  labours.  It  desires,  however,  to  express  the 
opinion  that  a  re-valuation  of  the  Funds  will  be  quite  unnecessary 
for  a  few  years,  as  the  Funds  can  be  safely  controlled  by  means  of 
quinquennial  re-valuations. 

The  Council  has  in  previous  Eeports  called  the  attention  of  the 
Commissioners  to  the  important  advantages  of  establishing  a 
Consolidated  Fund  ;  and  it  feels  bound  to  urge  that,  the  interests  of 
each  particular  class  being  safeguarded  by  the  regulations  imposed 


1905.]  Patriotic  Fund.  385 

by  the  Corporation,  such  a  consolidation  of  the  assets  would  greatly 
facilitate  the  general  administration  of  the  Funds,  and  will  in  time 
become  almost  a  necessity. 

We  are,  Sir, 

Your  obedient  Servants, 

W.  HUGHES, 


On  behalf  of  the 
P.   SCHOOLING,      \  Council  of  t he  Inst i- 


GEO.  TODD, 

To  Colonel  J.  S.  Young, 

Secretary, 
Royal  Patriotic  Fund   Corporation. 


tide  o 


~>f  Actuaries. 


The  following  letter  has  been  received  by  the  President  from 

Colonel  J.  S.  Young,  in  acknowledgment  of  the  services  rendered 

by  the  Council  of  the  Institute  in  the  valuation  of  the  several 

Funds  : 

53,  Charing  Cross, 

London,  S.W. 

28  June  190L 

Sir, — I  have  laid  before  His  Royal  Highness  the  Duke  of 
Connaught,  President  of  this  Corporation,  your  letter  to  me  of 
17th  inst.,  transmitting  a  complete  account  of  the  assets  and 
liabilities  of  fourteen  Funds  (including  the  Transvaal  War  Fund)  as 
at  31  December  1903. 

His  Royal  Highness  is  deeply  sensible  of  the  very  great  public 
services  you  and  your  colleagues  on  the  Council  of  the  Institute  of 
Actuaries,  and  the  Honorary  Secretaries  of  the  Institute,  have 
rendered  in  an  honorary  capacity,  in  affording  this  Corporation  such 
valuable  information  and  assistance  as  is  afforded  in  your  Report  and 
the  statements  which  accompanied  it. 

The  information  in  respect  of  the  Transvaal  War  Fund  is 
particularly  valuable,  and  will  enable  the  Corporation  to  base  an 
appeal  for  further  contributions  to  that  Fund  upon  the  authoritative 
data  you  have  so  kindly  furnished. 

Appreciating  highly  the  labours  involved  in  furnishing  such 
exhaustive  Reports,  His  Royal  Highness  begs  you  to  accept  for 
yourself,  your  colleagues  on  the  Council,  and  the  Honorary  Secretaries 
of  the  Institute,  the  grateful  thanks  of  His  Royal  Highness  and  the 
Corporation. 

I  have  the  honour  to  be,  Sir, 

Your  obedient  Servant, 
(Signed)         J.  S.  YOUNG,  Colonel, 
Secretary, 
Eoyal  Patriotic  Fund  Corporation. 

The  President  of  the  Institute  of  Actuaries, 
Staple  Inn  Hall,  W.C. 
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Valttatiox  Summabt.  31  December  1903. 


Cost  of 

additional 

allowance 

Name  of  Fund 

Liabilities 

Assets 

Surplus 

Deficiency 

of  one 

shilling 

weekly  to 

incumbent 

Widows 

£ 

£ 

£ 

£ 

£ 

Ashantee  War  Fund 

1,809 

1,757 

52 

"Atalanta"  Relief  Fund 

4,952 

6,700 

1,748 

"306 

"  Captain "         „        „ 

17,033 

17,413 

3S0 

1,100 

"  Eurydiee "       „         „ 

8,746 

9,504 

758 

576 

Indian  Mutiny  „         „ 

25,6-14 

20,994 

4,650 

... 

Light  Brigade 

(Balaclava)    „         „ 

1,644 

1,900 

256 

Patriotic    (Russian    War, 

1854-6)  Fund     . 

119,695 

130,357 

10,662 

Patriotic  (General)  Fund 

88,152 

179,236 

91,084 

Rodriguez  Fund 

10,742 

16,450 

5,708 

Royal  Naval  Relief  Fund 

5,154 

7.223 

2,069 

Soldiers'  Effects  Fund 

115,966 

159,277 

43,311 

"Victoria"  Relief  Fund  . 

43,685 

54,583 

lu.s:^ 

Zulu  War  Fund 

17,622 

18,600 

978 

1,261 

Transvaal  War  Fund 

308,333 

394,990 

86,657 

40,685 

£769,177 

£1,018,984 

£254,509 

£4,702 

£43,928 

The  First  Report  of  the  Royal  Patriotic  Fund  Corporation, 
for  the  year  1904,  has  been  recently  published  as  a  Parliamentary 
Paper,  and  includes  interesting  details  as  to  the  origin  and 
objects  of  the  several  Funds,  and  as  to  their  administration ;  also 
Capital  and  Income  Accounts  in  respect  of  each  Fund,  to 
31  December  1904.  Reference  is  made  in  the  Report  to  the 
fact  that  "  the  Council  of  the  Institute  of  Actuaries  kindly  agreed 
"  to  furnish  re-valuations  of  the  Funds  as  at  31  December  1903, 
"  gratuitously,  in  continuance  of  similar  services  rendered  to  the 
"  Patriotic  Fund  Commissioners";  and  in  Appendix  III  is  set  out 
a  copy  of  the  Report  made  on  behalf  of  the  Council  on  17  June 
1904  (see  above),  with  accompanying  Schedules  and  Valuation 
Balance  Sheets,  as  at  31  December  1903. 
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EXAMINATIONS    OF    THE    INSTITUTE,    April    1905. 


Examination  for  Admission  to  tiie  Class  of  Associate 
(Part  I). 

Examiner — Prof.  S.  L.  Lonet,  M.A. 

Supervisors— Messrs.  A.  I).  Besant,  B.A.,  and  J.  H.  Barnes. 

First  Paper. 

1.  Given  that  a  foot  is  equal  to  3048  centimetres,  and  that  a 
gallon  of  water  weighs  10  lbs.  and  contains  277{  cubic  inches,  find, 
correct  to  three  places  of  decimals  of  a  pound,  the  weight  of  a  cubic 
metre  of  water. 

2.  Find  to  the  nearest  penny  the  net  return  per-cent  per  annum 
on  money  invested  in  a  5  per-cent  stock  at  110|,  brokerage  and  other 
expenses  of  purchase  being  £1  per  £100  stock,  and  income  tax  at  the 
rate  of  Is.  3d.  in  the  £1. 

The  income  tax  being  reduced  to  lid.  in  the  £1,  to  what 
price  should  the  stock  rise  to  give  the  same  net  return  as  before  ? 

3.  Solve  the  equations 

(i)  #  +  y=(a-f b)xy, 

a2x  —  b2y  =  (a3 — b3)xy 

and  (ii)  x2— yz=lA 

f—zx  =  2,Y 
z2 — xy=3.) 

4.  Explain  what  is  meant  by  saying  that  one  quantity  varies  as, 
or  varies  inversely  as,  another  quantity. 

The  square  of  the  time  of  revolution  of  a  planet  about  the  Sun 
varies  as  the  cube  of  its  distance  from  the  Sun.  If  the  distances  of 
the  Earth  and  Venus  from  the  Sun  are  as  25  to  18,  find,  in  days,  the 
time  of  revolution  of  Venus,  the  time  of  revolution  of  the  Earth  being 
taken  to  be  365  days. 

5.  Insert  three  harmonic  means  between  two  given  quantities 
a  and  b. 

The  product  of  the  arithmetic  and  harmonic  means  of  two 
numbers  is  576,  and  the  difference  of  their  arithmetic  and  geometric 
means  is  1  ;  find  the  numbers. 

6.  How  many  different  games  at  lawn-tennis,  each  side  consisting 
of  a  man  and  a  lady,  may  be  arranged  at  a  party  consisting  of  8  ladies 
and  6  men  ? 

If  two  of  the  ladies  are  the  wives  of  two  of  the  men,  and  no 
man  may  have  his  wife  as  a  partner,  how  many  games  may  similarly 
be  arranged? 

*7.  Prove  that  log  am—m  log  a. 

If  the  increase  in  the  population  of  a  country  in  any  year  be 
always  proportional  to  the  population  at  the  beginning  of  that  year, 
and  if  the  population  be  doubled  in  40  years,  find  in  how  many  years 
it  will  be  trebled. 

*  "A  Short  Collection  of  Actuarial  Tables "  will  be  supplied  for  use  in 
answering  this  question. 
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8.  State  and  prove  the  Exponential  Theorem. 

Show  that  the  sum  to  infinity  of  the  series  whose  nth  term  is 

n 

9.  Show  how  to  resolve  an  algehraie  fraction,  whose  denominator 
can  be  broken  into  factors,  into  a  series  of  partial  fractions. 

Break  into  partial  fractions  the  quantity 

x-  +  ox  —  9 

x3— 2a;2— 5a? +  6' 

and  write  down  the  general  term  when  it  is  expanded  in  a  series  of 
powers  of  x. 

10.  A  has  a  dice-box  containing  5  dice  and  B  has  one  containing 
•4  dice.  It  is  known  that  12  has  been  thrown  by  one  of  them  and 
a  priori  it  is  equally  likely  to  have  been  either.  Find  the  chance 
that  it  was  thrown  by  A. 

11.  Prove  the  formula 

n(n-l)  >/(«— l)(n— 2) 

A»»o=««— «W„_i  +  — — —  Un-2 M»-3+   ■        •       •        • 

Given  «0  =98023,  \ 

*/10=97651,  \  r-    i  ,i         i        r 

n.,,,,,     -find  the  value  of  -/,-.. 

and  */3o=9G802  ;J 

12.  Define  ~2,ux,  and  show  that  ^ax  =  \~1uj:. 
Prove  that  %axx2 

ax    T   ,       2ax  a*+a  ~\      n 

= & + +C. 

a —  1L        a  —  1      («  —  1)-J 

Second  Paper. 

13.  A  bookseller  sells  books  at  a  discount  of  three-pence  in  the 

5 

shilling,  and  thereby  makes  a  profit  of  15  —  per-cent.     If  he  sold  at 

-Lo 

a  discount  of  two-pence  in  the  shilling  instead,  what  percentage  of 

profit  would  he  make  ? 

14  I  bought  a  horse  and  carriage  for  £80.  I  sold  the  horse  at  a 
profit  of  20  per-cent,  and  the  carriage  at  a  loss  of  4  per-cent,  and 
found  that  on  the  whole  transaction  I  had  gained  5  per-cent.  How 
much  did  the  horse  cost  me  ? 

15.  Find  the  highest  common  factor  and  the  lea^t  common 
multiple  of  the  expressions  : 

a*  +  a*b*  +  b*  and  a*— a?b'2  +  2ab3  —  b*. 

Break  into  factors  the  expression  : 

2x3  +  x2—7x — 6. 
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16.  Find  the  sum  of  the  cubes  of  the  roots  of  the  equation  : 

ax2+bx  +  c=0. 
Find   the  condition   that  one  of  the  roots  of  the  equation 
ax2  +  bx  +  c=0  may  be  equal  to  one  of  the  roots  of  alx2+biX  +  Ci=0 
with  its  sign  changed. 

17.  Find  the  sum  of  the  cubes  of  the  first  n  natural  numbers. 
Find   the   sum  of   the   first   n    terms   of   the   series   whose 

rth  term  is  (r_i)(,.+l)(r+2). 

18.  Find  the  number  of  combinations  of  n  things  taken  r  together ; 
and  show  that  it  is  equal  to  the  number  of  combinations  taken 
n— r  together. 

Find  the  number  of  combinations  of  4  letters  taken  5  at  a 
time  when  each  letter  may  be  repeated  any  number  of  times. 

19.  Obtain  in  its  simplest  form  the  general  term  in  the  expansion 

|  1 

of  (1— 2#)2,  where  x<  -. 

A 

Find  the  coefficient  of  xr  in  the  expansion  of 

[l  +  2x  +  3x2+  .  .  .  ad  inf.]n,  where  x<l. 

*20.  Making  use  of  the  tables,  find  the  value  of : 

(1)  (4-627)  »•«>; 

(2)  x,  where  (3'79)*=493. 

21.  State  the  expansion  of  loge(l  +  #)  in  a  series  of  powers  of  x, 
and  show  how  it  may  be  used  to  calculate  the  value  of  logarithms. 

If  x  be  less  than  ^,  prove  that 

2  +  x       ,      „     3        15   „     21    „  .  .    . 

SeT+2x~     Se       2*  +  ~8~  "8  '  '  -adtnf- 

What  is  the  coefficient  of  xn  in  this  series  ? 

22.  In  a  game  of  whist  the  dealer  found,  on  turning  up  the  last 
card,  that  he  had  the  ace,  king,  queen,  knave,  ten,  and  three  other 
trumps  in  his  hand ;    find  the  chance  that  this  would  occur. 

23.  An  event  is  known  to  have  occurred  from  one  of  several 
causes  whose  probabilities  are  known ;  and  when  any  of  these  causes 
exists  the  chance  of  the  event  following  from  it  is  known  ;  on  any 
occasion  when  the  event  happens  find  the  chance  of  any  given  cause. 

There  are  4  bags  which  are  known  to  contain  2  white  and 
4  black,  4  white  and  3  black,  3  white  and  3  black,  and  2  black  balls 
respectively.  A  ball  is  drawn  at  random  and  found  to  be  black. 
Find  the  chance  that  it  was  drawn  from  the  bag  containing  the 
most  black  balls. 

24.  With  the  usual  notation  prove  that 

r(l)  r(2)  ~(3) 

f(x)  =/(0)  +  -j-  A/(0)  +  j  A2/ (0)  +  -  A»/(0)  + .  .  . 

Show  that  A406=240. 

*  "  A  Short  Collection  of  Actuarial  Tables "  will  be  supplied  for  use  in 
answering  this  question. 
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Examination  foe  Admission  to  the  Class  of  Associate 
(Part  II). 

Examiners — Messrs.  A.  G.  Allen,  F.  T.  Bf.  Bters,  E.  C.  Thomas, 
and  T.  E.  Young,  B.A. 

First  Paper. 

1.  Given  a  table  showing  the  present  values  at  the  effective 
rate  i  of  annuities  certain  payable  annually,  how  would  you  construct 
a  table  showing  the  present  values  at  the  same  effective  rate,  of 
annuities  payable  p  times  a  year  ? 

2.  What  data  would  be  required  for  the  construction  of  tables 
of  mortality  for — 

(a)  The  general  population. 
(6)  Assured  lives  ? 

Explain  the  terms  "select",  "ultimate"  and  "aggregate" 
when  applied  to  tables  of  mortality  for  assured  lives. 

3.  A  father,  aged  35  next  birthday,  has  a  child  aged  1  next 
birthday.  An  assurance  of  £150  is  to  be  paid  on  the  child  attaining 
the  age  of  21,  provided  the  father  be  then  alive.  In  the  event  of 
the  father's  death  an  annuity  of  £5  is  to  be  paid  annually  until  the 
child  attains  age  21,  with  a  payment  of  £100  at  that  date.  The 
premiums  are  to  cease  on  the  father's  death  and  to  be  returned  on 
that  of  the  child  before  reaching  age  21. 

Deduce  in  commutation  symbols  the  formula  for  the  annual 
premium. 

4.  Express  in  symbols  the  value  of  a  complete  annuity  on  a  life 
aged  (#),  payable  half-yearly,  with  the  provision  that  if  death  occur 
within  m  years  the  annuitant  and  his  representative  shall  together 
receive  not  less  than  the  purchase  money. 

5.  On  the  assumption  of  a  uniform  distribution  of  deaths,  prove 
algebraically  or  by  general  reasoning  that 

1  *  f  1         1> 

flM=T__Aj;T-(-^+- 
j(m)  J{m)\J{»i)        my 

where  jm  is  the  nominal  rate  of  interest  convertible  m  times  a  year 
corresponding  to  the  effective  rate  i. 

Give  the  corresponding  formula  for  a  continuous  annuity. 

6.  If  in  the  formula  ^ij^A  +  Bc*  the  quantity  c  be  unity,  what 
effect  is  produced  upon  (1)  the  force  of  mortality,  (2)  the  annual 
premium  for  a  whole-life  assurance,  and  (3)  the  policy  value  ? 

7.  State  Lubbock's  formula  of  summation  as  far  as  the  term 
involving  second  differences,  and  apply  the  same  to  deduce  the  value 
of  ex  without  assumption  as  to  distribution  of  deaths. 

8.  Describe  the  method  you  would  employ  in  the  construction 
of  a  table  of  annual  premiums  for  contingent  assurances  based  upon 
select  mortality  tables — P^.q,]- 
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Second  Paper. 

9.  Show  the  identity  of  the  two  forms  of  sinking  fund — the 
investment  of  the  sinking  fund  instalments  in  securities  independent 
of  the  given  loan,  and  the  repayment  of  increasing  portions  of  the 
loan.  If  after  such  a  loan  had  been  completed  the  Income  Tax  were 
raised  to  20s.  in  the  pound,  what  effect  would  be  produced  in  each 
case  upon  the  redemption  of  the  original  capital  ? 

10.  A  loan  of  £-42,000  has  been  made  with  the  following 
condition  as  to  repayment :  Annual  instalments  of  principal  for  20 
years,  the  first  being  £4,000,  the  second  £3,S00,  the  third  £3,600, 
and  so  on,  Interest  at  the  rate  of  4  per-cent  being  paid  annually 
on  the  outstanding  amounts.  Immediately  after  payment  of  the 
fifth  instalment,  it  is  arranged  to  repay  the  balance  of  the  advance 
with  a  premium,  the  lenders  being  able  to  re-invest  at  only 
3  per-cent.     Show  how  the  premium  should  be  computed. 

11.  A  Kail  way  Staff  in  a  stationary  condition  is  recruited 
annually  by  500  entrants  at  age  20,  who  are  required  to  contribute 
to  a  Pension  Fund.  At  age  00  they  have  the  option  of  retiring  on 
pension,  and  retirement  is  compulsory  at  age  05.  Assuming  t hat- 
there  are  no  secessions  other  than  by  death,  and  that  one-half  of 
those  who  reach  age  60  retire  at  that  age,  the  others  remaining 
until  age  65,  give  expressions  for — 

(i)   The  total  number  of  present  contributors  ; 
(ii)   The  total  number  of  present  pensioners ; 
(iii)    The  total  number  of  future  years'  service  with  which 
existing  contributors  will  be  credited. 

12.  If  the  value  of  lx+t  f°r  aU  values  of  t  from  —  I  to  +\  can 
be  expressed  in  the  form  A—  Jit  where  A  and  E  are  independent  of  t, 
prove  algebraically  that  Ju..,.=  ;».r_i. 

13.  Investigate  a  formula  for  the  value  of  a^}. 

14.  Deduce  the  Single  and  Annual  premiums  for  an  assurance  for 
ten  years,  payable  as  to  one-half  at  the  first  death,  and  as  to  the 
other  half  at  the  second  death  of  three  lives  (x),  (y)  and  (z).  Is 
there  any  practical  objection  to  making  the  quotation,  and,  if  so, 
how  would  you  propose  to  meet  it  ? 

15.  Give  verbal  interpretations  of  the  expressions 

P.r    \       ,         l+tf.r  +  » 


.^=A.«(i-irf->i-^ 


and  show  that  they  are  identical. 

16.  Given  a  complete  table  of  temporary  annuities  for  all  ages 
aud  durations,  describe  fully  the  method  you  would  adopt  to  obtain 
and  verify  a  table  of  policy  values  for  endowment  assurances. 
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Third  Paper. 

17.  What  does  Aa^  +  B  ■" — : represent?     Prove  your  answer 

and    give   a   verbal   explanation    of  the    formula.      What    does    the 
expression  become  when  w=co  ? 

18.  A  debenture  of  £100,  redeemable  at  £110  on  the  1  July 
1915,  and  bearing  interest  at  the  rate  of  4£  per-cent  per  annum, 
payable  half-yearly  on  the  1  January  and  1  July  in  each  year,  is 
purchased  on  the  1  April  1905  for  £109.  How  would  you  calculate 
the  yield  to  the  purchaser  ? 

19.  Prove  that  Q£„=  y-  {lx-\-ex-\  >j—h+\-^x+\  y)  very  nearly. 

lx 

20.  What  would  be  the  average  age  at  death  in  a  community 
which  would  be  stationary,  but  that  for  the  last  100  years  there  had 
been  immigration  at  age  20  to  the  extent  of  yoth  of  the  number 
living  at  that  age  ? 

21.  Prove  that  Pa ■  +  d.nYx=PA-+n(l  —  nV*)  and  explain  the 
expression  verbally.  Show  what  the  formula  becomes  in  the  case 
of  a  whole-life  policy  subject  to  a  limited  number  of  premiums. 

22.  Give  the  formula?  for — 

(i)  The  annual  premium  for  a  deferred  annuity  on  a  life  aged 
40  next  birthday  to  commence  at  age  GO  (the  first 
payment  becoming  due  one  year  later),  with  the  refund 
of  all  the  premiums  paid  in  the  event  of  death  between 
ages  50  and  60. 

(ii)  The  single  premium  for  a  reversionary  annuity  to  (y) 
after  the  death  of  (#),  the  latter  being  permanently 
resident  in  an  unhealthy  climate  and  therefore  subject 
to  a  different  table  of  mortality. 

23.  Show  in  detail  how  to  obtain  a  table  of  annual  premiums  for 
whole-life  assurances  from  the  values  of  qx  without  constructing  the 
life  table.  Assuming  a  rate  of  mortality  represented  by  a  constant 
addition  of  ^01  to  qx  according  to  a  standard  table,  explain  how  the 
required  premiums  could  be  approximately  obtained  without  special 
tables. 


24.  Assuming  Maclaurin's  theorem,  show  that 

Pin  n  . 

J        uxdx  =  -  («0  +  ±Un  +  «2«)  • 


How  would  you  apply  this  formula  to  calculate  a  whole-life 
benefit  ? 
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Examination  foe  Admission  to  the  Class  of  Fellow 
(Paet  III). 

Examiners — Messes.  T.  G.  Ackland,  H.  J.  Bakeb,  H.  Foot,  B.A.,  and 
J.  Spencer. 

First  Paper. 

1.  Upon  what  principles  were  duplicate  policies  eliminated  in 
the  British  Offices  Life  Tables,  1893,  in  the  construction  of  (1) 
Aggregate  Tables,  (2)  Select  Tables  ?  What  are  the  essential  points 
of  difference  between  the  data  from  which  the  0M(5'  Table,  and 
the  0[M]  Table,  excluding  the  first  10  years  of  assurance,  were 
respectively    obtained  ? 

2.  Given,  in  the  case  of  a  table  following  Makeham's  law,  the 
equation 

logiok+<=logio*— (*+0"—  cZl<?X+< 
where  a=— logi0s  and  fi=  —  (c— l)log10y, 

show  what  modifications  may  be  introduced  in  order  that  the 
equation  may  apply  to  select  tables,  without  loss  of  the  property 
of  uniform  seniority.  Deduce,  from  the  value  of  logi0Z[X]+<  thus 
obtained,  expressions  for  i\xW  ar*d  colog10(^>M+i)  ;  and  show  the 
relations  between  the  ultimate  and  select  values  logio^+Cj  logio^rj+tf ; 
(J-x+t,  IMx}+t;  co\og10(px+t),  co\ogl0(pm+i)- 

3.  In  the  case  of  a  Society  whose  business  consists  entirely  of 
deferred  and  immediate  annuities, — the  premiums  in  respect  of  the 
deferred  annuities  being  returnable  without  interest  in  the  event  of 
death  before  the  annuities  are  entered  upon, — how  would  you  trace  to 
its  various  sources  the  surplus  disclosed  at  a  quinquennial  valuation, 
and  how  would  you  distribute  it  amongst  the  policyholders  ? 

4.  The  mortality  experience  of  an  office  closely  approximates  to 
that  of  the  0M  Table,  while  its  valuations  are  made  on  the  basis  of 
the  HM  Table.  Discuss  the  effect  on  the  future  profit  (1)  from 
mortality,  and  (2)  from  interest,  of  a  change  in  the  valuation  rate 
of  interest  from  3  per-cent  to  2£  per-cent. 

5.  Describe  Mr.  Sheppard  Homans'  method  of  distributing 
surplus,  and  discuss  its  advantages  and  disadvantages.  What  are,  in 
your  view,  the  criteria  of  a  satisfactory  method  of  distribution  ? 

6.  You  are  asked  to  prepare  a  scale  of  weekly  contributions, 
securing  (1)  full  sick-pay  during  26  weeks  ;  (2)  half-pay  during  a 
further  26  weeks  ;  (3)  quarter-pay  during  the  remainder  of  sickness  ; 
(4)  payment  on  death  of  a  member ;  (5)  payment  on  death  of  a 
member's  wife.  State  upon  what  lines  you  would  proceed,  giving 
special  attention  to  (a)  the  tables  of  mortality  and  sickness  employed 
for  the  several  benefits,  (b)  the  question  of  prolonged  sickness,  and 
old  age,  and  (c)  provision  for  expenses  of  management. 
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*7.  Find  approximately  the  net  annual  premium,  on  the  hasis  of 
the  Carlisle  Table,  at  3  per  cent,  interest,  for  an  assurance  payable 
in  the  event  of  A,  aged  30,  predeceasing  B,  aged  40,  where  (1)  A 
only  is,  and  (2)  both  A  and  B  are,  resident  in  a  tropical  country. 
It  may  be  assumed  that  the  extra  risk  is  represented,  in  the  case 
of  a  single  life,  by  a  constant  addition  of  -01  to  the  force  of  mortality 
at  all  ages.     Given  ^  (Carlisle)  =  0101. 

How  would  you  treat  the  second  case  in  practice  ? 

8.  On  the  death  of  the  last  survivor  of  C,  aged  75,  and  D,  aged 
70,  the  income  arising  from  a  fund  now  consisting  of  £50,000  Consols 
is  to  be  divided  equally  between  A,  aged  35,  and  his  brother  B, 
aged  40,  so  long  as  they  are  both  alive.  The  survivor  of  A  and  B  is 
entitled  to  the  corpus  of  the  fund,  contingently  upon  his  surviving 
both  C  and  D.  How  would  you  estimate  the  market  value  of  A's 
interest  ? 

Second  Paper. 

9.  Explain  the  method  adopted  in  the  case  of  the  British 
Offices  Life  Tables  of  estimating  the  fractional  exposure  of  the 
withdrawals.  Why  was  the  Nearest  Duration  Method  found  to  be 
unsuitable  ? 

10.  Obtain  the  graduation  formula  which  may  be  represented  in 
the  form 

and  show  how  it  may  be  conveniently   applied  in  practice.     Find 
what  second-difference  error  the  formula  involves. 

11.  A  policy  for  a  term  of  n  years  is  granted  at  an  annual 
premium  to  a  life  aged  x,  with  the  option  of  continuance  at  the  end 
of  the  term  as  an  endowment  assurance,  maturing  at  age  (x-\-n  +  i), 
on  payment  of  the  normal  yearly  premium  at  age  (x  +  n).  Find 
expressions  for  the  value  of  the  policy  on  a  select  basis,  (1)  at  the 
end  of  the  (n  —  l)th  year,  and  (2)  at  the  end  of  the  (?i  +  l)th  year 
assuming  the  option  to  have  been  exercised. 

12.  Having  available  the  results  of  a  net  premium  valuation  of 
the  whole-life  business  of  an  office  on  an  HM  2|  per-cent  basis,  how 
would  you  determine  the  approximate  difference  in  the  aggregate 
reserves  on  an  0M  2\  per-cent  basis,  the  0M  3  per-cent  net 
premiums  being  valued  ?  State  briefly  the  special  points  calling 
for  consideration. 

13.  Indicate  fully  what  considerations  would  guide  you  in 
determining  the  basis  of  valuation  of  a  life  office  (1)  as  a  test  of 
solvency,  and  (2)  as  an  investigation  to  ascertain  divisible  surplus. 

14.  State  what  mortality  table  you  consider  most  suitable  as  the 
basis  of  premiums  for  temporary  assurances,  and  justify  your  choice. 
Explain  on  what  bases  as  to  loading,  rate  of  interest,  &c,  you  would 
proceed  to  compute  a  table  of  office  annual  premiums,  and  mention 
any  special  safeguards  which  you  would  think  it  desirable  to  provide. 

*  "  A  Short  Collection  of  Actuarial  Tables "  will  be  supplied  for  use  in 
answering  this  question. 
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15.  A  Life  Assurance  Company  allows,  after  the  payment  of  two 
years'  premiums,  a  surrender-value,  in  the  case  of  its  whole-life 
policies  and  endowment  assurances,  hoth  with  and  without  profits, 
equivalent  to  the  HM  4§  per-cent  net  premium  reserve,  in  respect  of 
hoth  sum  assured  and  reversionary  bonuses.     Criticize  this  method. 

16.  A  man  aged  35  is  entitled  to  a  reversionary  life  interest  in 
£10,000  Consols. 

£15,000     National     War     Loan      (2f     per-cent,     repayable 

April  1910). 
£300    East    Indian   Railway    Company    Annuity,    Class    A, 

ceasing  1953. 
A  leasehold   house  of  the  net  annual  value  of   £250  with 

25  years  unexpired. 
The   present    life  tenant   is  a  male    aged   67.       Show    fully 
how   you    would    proceed    to    estimate    the    market    value    of    the 
reversionary  life  interest. 

Third  Paper. 
*17.  A,  born  2  September  1865,  is  entitled,  contingently  on 
his  surviving  a  lady  born  1  January  1830,  and  at  her  death,  to 
one-fifth  share  of  a  fund  now  represented  by  the  undermentioned 
securities,  subject  to  estate  duty  at  4  per-cent.  He  has  already 
received  £750  absolutely  on  account  of  his  expectant  share,  which 
will  have  to  be  brought  into  hotchpot.  What  is  the  market  value 
of  his  share  ? 

£5,000  5^  per-cent  Preference  Shares  of  a  Hotel  Company, 

now  valued  at  £5,500. 
£4,000    4£    per-cent    Debenture    Stock    of     a    Furnishing 
Company,  now  valued  at  £3,600. 
*18.  What   is   the    market   value    of    the    absolute   reversion   to 
one-third  share    of  a  fund  now  represented  by  the  undermentioned 
securities,  expectant  on  the  decease  or  re-marriage  of  a  widow  born 
3  October  1840,  the  whole  being  subject  to  an  annuity  of  £156  to  a 
female  born  2  February  1875  ?     State  also   the   maximum  amount 
you  would  advise  to  be  lent  on  its  security. 

£10,000  Great  Northern  Railway  3  per-cent  Debenture  Stock. 
£5,000  Midland  Railway  2\  per-cent  Debenture  Stock. 
£5,000    Great   Western    Railway    5    per-cent    Consolidated 
Guaranteed  Stock. 

19.  Give  a  short  account  of  the  Manchester  Unity  Sickness  and 
Mortality  Experience,  1893-97,  explaining  the  methods  followed  in 
classifying  the  sickness  and  mortality  data,  and  pointing  out  the 
main  features  of  the  Experience,  as  compared  with  other  Friendly 
Society  Tables. 

20.  Discuss  the  relative  advantages  of  adopting  the  Graphic 
method,  and  a  summation  formula,  in  the  graduation  of  Sickness 
Tables,  bearing  in  mind  the  necessity  (owing  to  conditions  of  practice) 
of  tabulating  sickness  claims  according  to  period  of  attack.  How 
would  you  determine  whether  the  graduated  tables  were  satisfactory  ? 

*  "  A  Short  Collection  of  Actuarial  Tables "  will  be  supplied  for  use  in 
answering  these  questions.  If  the  values  selected  by  the  Candidate  arc  not 
those  which  he  would  in  practice  adopt,  he  should  state  what  bases  he  considers 
more  appropriate. 
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21.  What  are  the  several  methods  of  determining  the  ages  to  be 
used  in  making  a  net  valuation  of  whole-life  assurances  and  immediate 
annuities,  and  what  are  their  theoretical  justifications  and  effects  ? 

22.  Having  given  that  interest  at  rate  i'  will  be  realised,  that  i  is 
the  valuation  rate  of  iuterest,  and  that  the  mortality  experienced  will 
be  that  assumed  in  the  valuation,  deduce  an  expression  for  the  present 
value  at  rate  i'  of  the  future  profit  from  surplus  interest,  in  the  case  of 
a  whole-life  policy  issued  at  a  uniform  annual  premium. 

23.  What  tables  of  mortality  would  you  employ  in  calculating 
premiums  to  be  charged  for  (1)  whole-life  assurances  with  profits  ; 
(2)  whole-life  assurances  without  profits;  (3)  endowment  assurances; 
(4)  joint  whole-life  assurances ;  (5)  children's  endowments  ; 
(6)  contingent  assurances ;  (7)  deferred  annuities  ;  (8)  reversionary 
annuities  ?     Give  reasons  justifying  your  selections. 

24.  A  is  the  present  holder  of  a  certain  title  of  nobility,  B,  his 
wife,  C  is  their  eldest  son,  the  heir,  and  D  the  next  younger  son.  It 
is  desired  to  effect  an  assurance  payable  on  the  death  of  B,  provided 
that  during  her  lifetime  D  shall  have  succeeded  to  the  title.  Give  a 
formula  for  the  net  single  premium  for  the  assurance,  disregarding 
the  possibility  that  C  will  leave  issue.  What  loading  would  you 
suggest  in  a  case  of  this  kind,  and  which  of  the  lives  should 
undergo  medical  examination  ? 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  IV). 

Examiners — Messrs.  H.  W.  Andras,  J.  Blakey,  O.  Kentish,  ami 
E.  A.  Rusher. 

First   Paper. 

1.  Define  and  contrast : 

(a)  Fee  simple  and  fee  tail. 

(b)  Reversion  and  remainder. 

(c)  Vested  remainder,  contingent  remainder,  and  executory 

interest :  state  the  rules  governing  the  creation  of  the 
last  two. 

2.  Describe  briefly  the  following  : 

Estate  Duty,  Settlement  Estate  Duty,  Legacy  Duty, 
Succession  Duty  ;  and  state  which  of  them  is  payable  in  respect  of 
each  death  in  the  following  cases  : 

(o)  On  A's  death  in  1904,  in  respect  of  a  policy  effected  on 
his  life  by  B,  a  creditor,  who  has  paid  all  the  premiums 
and  owns  the  policy. 
(b)  On  a  policy  on  the  life  of  C  becmeathed  by  his  will  upon 
trust  to  invest  the  amount  thereunder  and  pay  income 
to  his  son  for  life,  then  to  his  son's  widow  for  life, 
then  to  divide  the  capital  between  his  son's  children 
equally.  C  died  in  1900;  his  son  died  in  1902, 
leaving  a  widow  and  two  infant  children,  one  of  whom 
died  in  infancy  in  1903  ;  the  widow  died  in  1904, 
leaving  the  other  child  surviving. 
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3.  In  a  proposal  for  Life  Assurance,  which  proposal  is  to  be 
treated  as  the  basis  of  the  contract,  A,  the  Life  Assured,  warrants 
and  agrees  that  he  will  not  commit  suicide  within  one  year  from 
the  date  of  the  contract.  What  claim,  if  any,  will  there  be  on  the 
assuring  Office  if  A  commits  suicide  within  the  year? 

(a)  If  the  policy  is  his  own  property. 

(b)  If  it  has  been  effected  by  and  belongs  to  his  creditors. 

(c)  If  he  committed  suicide  whilst  temporarily  insane. 
Give  reasons  for  your  answer. 

4.  What  objects  would  you  have  in  view  in  preparing  for  a 
Life  Assurance  company  a  set  of  account  books  for  recording  the 
transactions  of  any  financial  year  ?  Give  the  names,  and  state  briefly 
the  use,  and  relation  to  each  other,  of  the  various  books  of  account 
you  would  recommend.  What  accounts  would  you  open  in  the 
general  ledger  ? 

5.  What  do  you  understand  to  be  the  main  objects  aimed  at  by 
the  Friendly  Societies  Act,  1896  ?  In  what  respect  do  you  consider 
such  objects  have  been  attained  ? 

State  any  measures  by  means  of  which  you  think  the  Act 
might  be  improved. 

6.  What  are  the  usual  regulations  of  the  London  Joint-Stock 
Banks  in  respect  of  deposits  bearing  interest  ?  Why  does  not  the 
Bank  of  England  accept  these  deposits  ? 

7.  "It  is  a  very  dangerous  thing  to  deal  with  equities  of 
redemption."  Comment  on  this  expression,  defining  the  term 
equity  of  redemption. 

In  a  purchase  by  a  mortgagee  of  the  equity  of  redemption 
in  the  mortgage,  what  precautions  should  be  observed  ? 

8.  Give  the  characteristics  of  the  three  standard  tables  employed 
at  the  present  time  for  Friendly  Society  valuations.  How  would 
you  ascertain  whether  a  given  table  is  suitable  in  the  case  of  a 
particular  society  ? 

Second  Paper. 

9.  A  society,  now  comprising  several  thousand  members, 
has  been  established  for  a  native  Christian  Community  in  a  certain 
part  of  India.  It  has  been  in  existence  50  years,  and  the  following 
benefits  are  given : 

(a)  An  annuity  to  the  member  on  attainment  of  age  60. 

(b)  A  payment  to  the  widow  at  the  member's  death. 

(c)  An  annuity  until  attainment  of  age  14  to  such  children 

as  are  under  that  age  at  the  member's  death. 
The  members  are  divided  into  three  classes  in  decennial  ages  at  entry 
20  to  30,  30  to  40,  and  40  to  50,  the  monthly  contribution  varying 
with  each  class. 

What  particulars  would  you  call  for  to  enable  you  to  value 
the  fund,  bearing  in  mind  that  no  previous  valuation  has  been  made  ? 
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10.  What  is  your  opinion  as  to  the  desirability  of  an  office 
supplying  printed  forms  of  assignment  ?  Do  you  consider  that 
any  alteration  should  be  made  in  the  law  relating  to  the  assignment 
of  policies,  or  that  an  office  should  be  empowered  to  issue  a  certificate 
of  title  ? 

11.  State,  with  reasons,  what  construction  is  given  to  the 
following  devises  of  real  estate  : — 

(a)  To  A  (who  survives  the  testator). 

(b)  To  A  and  the  heirs  of  his  body  (A  having  pre-deceased 

the  testator) . 

(c)  To  A,  a  child  of  the  testator  pre-deceasing  him. 
Wherein  does  the  construction  of  deeds  and  wills  differ  ? 

12.  Describe  how  a  general  depression  of  trade  in  this  country 
affects  Stock  Exchange  securities  and  the  Money  market. 

13.  Write  a  brief  report  to  the  Directors  on  the  various  methods 
which  have  been  adopted  for  valuing  the  Stock'  Exchange 
securities  in  the  balance  sheet  of  a  life  office  at  the  close  of  a 
valuation  period,  stating  the  advantages  or  disadvantages  of  each 
method.     Which  do  you  prefer,  and  for  what  reasons  ? 

14.  Explain  clearly  the  process  by  which  a  high  bank  rate  is  used 
as  a  means  of  attracting  gold  from  abroad,  noting  any  influences 
which  may  operate  to  counteract  the  effects  of  a  high  rate. 

15.  Give  a  brief  account  of  the  terms  upon  which  the  Water 
Board  has  recently  taken  over  the  undertakings  of  the  various 
Metropolitan  Water  Companies,  and  of  the  method  in  which  it  has 
issued  stock  for  that  purpose. 

16.  Draft  the  headings  of  a  book  or  books  suitable  for 
recording  the  new  premiums  received  during  the  year,  and  the 
new  sums  assured  and  premium  income  at  the  end  of  the  year,  in 
respect  of  the  new  life  assurance  business  of  any  financial  year  in  an 
office  receiving  premiums  annually,  or  half-yearly  or  quarterlv  on  the 
instalment  principle. 

Third  Paper. 

17.  What  reasons  can  be  assigned  to  account  for  the  difficulty 
which  some  municipalities  experience  in  raising  loans  by  the  issue  of 
stock  to  the  public,  and  what  are  the  salient  points  for  consideration 
in  an  application  by  a  local  authority  for  an  advance  from  a 
life  office  ? 

18.  Describe  the  present  method  of  assessment  of  a  life  office  for 
income-tax  under  Schedule  D. 

(1)  In   the   case   of   a   proprietary    life   assurance  company 

transacting  life  assurance  and  annuity  business  only. 

(2)  In   the   case   of   a   proprietary   life   and   fire  insurance 

company. 
State  your  views  as  to  the  principles  involved. 
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19.  Discuss  the  following  securities  as  investments  for  the  funds 
of  a  Life  Assurance  company  : 

(1)  Cape  of  Good  Hope  3^  per-cent  Consolidated  Inscribed 

Stock  (1029-1949). 

(2)  Johannesburg  Municipal  4  per-cent  Inscribed  Stock. 

(3)  Pennsylvania       Railroad      3|      per-cent      Consolidated 

Mortgage  Sterling  Bonds. 

(4)  Buenos  Ayres  and  Rosario  Railway  3£  per-cent  Centra 

Debenture  Stock. 

(5)  Great  Indian  Peninsula  Railway  Annuities. 
(G)   Madras  Railway  Capital  Stocks. 

20.  What  considerations  would  guide  you  in  dealing  with  an 
application  for  payment  of  a  claim  under  a  Life  Policy  ? 

(a)  To  the  personal  representatives  under  a  probate  granted 

in  a  foreign  country. 

(b)  To  the  donee  of  a  power  of  attorney. 

(c)  To  the  legatee  under  a  specific  bequest  of  the  policy. 

21.  Do  you  consider  Mr.  Sutton's  Welsh  Tables  suitable  for  the 
valuation  of  a  friendly  society  whose  members  consist  mainly  of 
miners  ?  If  not,  what  basis  as  to  sickness  and  mortality  would  you 
adopt  ?     Give  reasons  for  your  answer. 

22.  Application  is  made  to  a  life  office  for  an  advance  of  £20,000 
on  the  security  of  leasehold  property  consisting  of  offices  and 
warehouses  in  a  large  city.  State  precisely  the  information  which 
you  would  require  before  putting  the  matter  before  the  Board,  and 
draft  a  letter  to  the  proposed  borrowers  agreeing  to  the  loan. 

23.  What  are  the  rates  of  remuneration  paid  to  the  Bank  of 
England  for  the  management  of  the  funded  and  unfunded  debt  ? 
Why  is  the  National  Debt  managed  by  the  Bank  of  England  and  not 
by  a  Government  department,  and  what  advantages  does  the 
present  system  possess  ? 

24.  In  the  last  twenty  years  the  proportion  of  the  assets  of  Life 
Assurance  Companies  of  the  United  Kingdom  invested  in  mortgages 
on  property  has  substantially  decreased,  and  the  proportion  invested 
in  Stock  Exchange  or  other  convertible  securities  has  largely 
increased.  How  do  you  account  for  this,  and  what  effect  has  such  a 
tendency  had  or,  if  continued,  is  it  likely  to  have  on  the  finance  of 
Life  Offices  ? 


PROCEEDINGS   OF   THE   INSTITUTE.— Session  1904-1905. 

First  Ordinary  Meeting,  28  November  1904. 

The  first  ordinary  meeting  of  the  Session  1904-1905  was  held  at  the  Hall 
of  the  Institute,  on  the  28th  day  of  November  1904. 

The  President  (Mr.  Hexby  Cockbubn)  in  the  Chair. 

The  Presideut  delivered  an  Inaugural  Address. 
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Second  Ordinary  Meeting,  19  December  1904. 
The  President  (Mr.  Henht  Cockbuen)  in  the  Chair. 

Messrs.  Lawrence  MacLagan  Cathles,  F.F.A.,  John  Hamilton  Imrie, 
M.A.,  F.F.A.,  Frederick  William  Robertson,  F.F.A.,  James  Leask  Robertson, 
F.F.A.,  and  John  Walter  Thomson,  F.F.A.,  were  duly  elected  Associates  of 
the  Institute. 

A  paper  entitled  "  On  the  Retrospective  Method  of  Valuation  ",  by 
Mr.  F.  Bell,  was  read  in  abstract  by  the  author. 

The  following  gentlemen  took  part  in  the  discussion:  —  Messrs. 
W.  P.  Phelps,  G.  King,  W.  P.  Elderton,  T.  J.  Searle,  and  R.  P.  Hardy. 


Third  Ordinary  Meeting,  30  January  1905. 
The  President  (Mr.  Heney  Cockbuen)  in  the  Chair. 

A  paper  entitled  "  On  Staff  Pension  Funds  ",  by  Mr.  G-.  King,  was  read 
in  abstract  by  the  author. 

The  following  gentlemen  took  part  in  the  discussion  :— Messrs.  G.  J. 
Lidstone,  A.  Hewat,  T.  G.  Ackland,  E.  C.  Thomas,  H.  W.  Manly,  and 
R.  P.  Hardy. 

Fourth  Ordinary  Meeting,  27  February  1905. 
The  President  (Mr.  Heney  Cockbuen)  in  the  Chair. 

A  paper  entitled  "  Changes  in  Pure  Premium  Policy-Values  consequent 
upon  variations  in  the  Rate  of  Interest  or  the  Rate  of  Mortality,  or  upon 
the  introduction  of  the  Rate  of  Discontinuance  ",  by  Mr.  G.  J.  Lidstone, 
was  read  in  abstract  by  the  author. 

The  following  gentlemen  took  part  in  the  discussion: — Messrs.  J.  E. 
Faulks,  T.  E.  Young,  G.  King,  T.  G.  Ackland,  and  R.  P.  Hardy. 


Fifth  Ordinary  Meeting,  27  March  1905. 
The  President  (Mr.  Heney  Cockbuen)  in  the  Chair. 

Mr.  Robert  Raynal  Brodie,  F.F.A.,  was  duly  elected  an  Associate  of  the 
Institute. 

A  paper  entitled  "  Bonuses  in  Model  Office  Valuations  and  their  relations 
to  Reserves  ",  by  Dr.  J.  Buchanan,  was  read  in  abstract  by  the  author. 

The  following  gentlemen  discussed  the  paper:  —  Messrs.  H.  J.  Baker 
and  G.  King.  

Sixth  Ordinary  Meeting,  17  April  1905. 
The  President  (Mr.  Heney  Cockbuen)  in  the  Chair. 

Mr.  Charles  William  Steele  Jamieson,  F.F.A.,  was  duly  elected  an 
Associate  of  the  Institute. 

Papers  entitled  "  On  the  Importance  and  Practicability  of  a  Standard 
Classification  of  Impaired  Lives",  by  Mr.  S.  W.  Carruthers,  M.D.,  and 
"  Social  Conditions  as  affecting  Widows'  and  Orphans'  Pension  Funds  ",  by 
Mr.  S.  J.  H.  W.  Allin,  were  read  by  their  respective  authors. 

The  following  gentlemen  took  part  in  the  discussions: — Messrs.  E.  A. 
Rusher,  Dr.  Light  (a  visitor),  and  Mr.  S.  G.  Warner ;  Messrs.  E.  C.  Thomas, 
G.  King,  V.  Marr  (communicated  through  the  Editor  of  the  Journal), 
H.  W.  Manly,  A.  W.  Watson,  and  H.  W.  Andras. 
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The  Fifty-eighth  Annual  General  Meeting,  5  June  1905. 
The  President  (Mr.  Heney  Cockbuen)  in  the  Chair. 

The  proceedings  at  the  Annual  General  Meeting  will  be  found  on 
page  408. 

REPORT,     1904-1905.' 

The  Council  have  the  pleasure  to  report  to  the  members  upon  t lie 
progress  of  the  Institute  during  the  session  of  1904-1905,  tlie  fifty- 
seventh  year  of  its  existence. 

There  has  been  an  increase  of  25  in  the  number  of  members,  as 
compared  with  the  previous  year.  138  candidates  have  been  admitted 
as  Probationers,  and  65  as  Students  conditionally  on  their  passing 
Part  I  of  the  Examination.  At  the  end  of  the  official  year  in  which  the 
Institute  was  incorporated  by  the  Royal  Charter  the  number  of  members 
was  434,  while  ten  years  later,  at  31  March  1895,  it  was  775.  Since  that 
time  the  numbers  have  been  as  follows: 

On  31  March  1896,  788,  I        On  31  March  1901,  818, 

1897,  826,  „  1902,  842, 


1898,  860, 

1899,  834, 

1900,  822, 


1903,  828, 

1904,  856, 

1905,  881. 


The  following  schedule  shows  the  additions,  changes,  and  losses  in  the 
membership,  which  have  occurred  during  the  year  ending  31  March  last : 

Schedule  of  Membership,  31  March  1905. 


Honorary 
Members 

Fellows 

Associates 

Students 

Corres- 
ponding 
Members 

Total 

i.  Number  of  Members 
in  each  class  on 
31  March  1904 

ii.   Withdrawals  by 

(1)  Death    .    *     . 

(2)  Resignation  . 

(3)  Default     in     pay- 

ment   of    Sub- 
scriptions . 

iii.  Additions  to  Membership 

(1)  By  Election  . 

(2)  By  Order  of  Council 

(3)  By  Re-inetatement 

iv.  Transfers 

(1)  By  Examination: 

from  Associates 
to  Fellows 

(2)  By  Examination : 

from    Students 
to  Fellows 

(3)  By  Examination : 

from    Students 

to  Associates    . 

v.  Number    of    Members 

in     each     class    on 

31  March  1905 

1 

226 

6 
2 

1 

271 

1 
4 

1 

335 
16 
21 

23 

1  ' 

856 
53 

1 

217 

265 
6 
2 

298 

62 

8 

22 
~22 

803 

78 

1 

217 
8 

273 

8 

368 

881 

1 

225 
1 

265 

368 

1 

22 

881 

1 

226 

265 
17 

367 

17 

22 

881 

1 

226 

282 

350 

22 

881 
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The  Council  have,  with  great  regret,  to  report  the  loss  by  death,  since 
the  last  Annual  Meeting,  of  three  Fellows,  Mr.  Archibald  Day, 
Mr.  David  Deuchar,  and  Mr.  Frank  McGedy;  two  Associates, 
Mr.  D.  Y.  Mills  and  Mr.  W.  B.  Paterson;  and  two  Corresponding 
Members,  Mons.  C.  L.  Landre  and  Dr.  H.  Grosse. 

By  the  death  of  Mr.  Archibald  Day,  whose  membership  dated  from 
1849,  and  who  was  an  Hon.  Secretary  1866-1870,  and  President  1886-1887, 
the  Institute  has  lost  a  prominent  and  high^'-esteemed  member,  who  took 
great  interest  in  its  affairs,  and  whose  presence  will  be  missed  by  a  large 
number  of  his  colleagues. 

The  Annual  Subscriptions,  together  with  admission  and  other  fees, 
amounted  to  £2,050.  7s.,  as  compared  with  £2,050.  6*.  received  in  the 
previous  year.  The  total  Income  for  the  3rear  was  £2,656.  Is.  I0d., 
and  the  total  Expenditure  £2,441.  3*-.  Sd.  The  Revenue  Account  and 
Dalance  Sheet  are  given  herewith  (pp.  404-5). 

The  stock  in  hand  of  the  Institute  publications  on  31  March  was  as 
follows  : 

No.  of  Copies  Description  of  Work 

12,403         ....         Parts  of  Journal. 
504         ...  Index  to  Vols.  1  to  10. 

987         ...  „      to  Vols.  21  to  30. 

989         ....         Text-Book,  Part  I  (New  Edition). 
1,370         ....  „         Part  II  (Second  Edition). 

688         ....         Government  Joint- Life  Annuity  Tables. 
767         ...  Select  Life  Tables. 

414         ....         A  Short  Collection  of  Actuarial  Tables. 
233         ....         Messenger  Prize  Essay  (Friendly  Societies). 
27  in  cloth       |  (  Lectures  on  Finance  and  Law  (Clare  and 

2,922  in  paper    )   ■         ■      \      Wood  Hill). 
1,657         ....         Lectures   on   the    Companies    Acts    (A.  C. 

Clauson). 
1,615         ....         Lectures  on  the  Law  of  Mortgage  (W.  G. 

Hayter). 
825         ....         Lectures   on  the   Measurement  of   Groups 

and  Series  (A.  L.  Bowley). 
703         ....         Transactions  of   the    Second   International 
Congress  of  Actuaries. 
2,463         ....         Syllabus  and  Examination  Questions. 

The  following  papers  were  submitted  at  the  sessional  meetings  of 
the  Institute,  namely  : 

28  November   1904. — An   Inaugural   Address   by  the  President. — 

Mr.  Henry  Cockburn. 
19  December  1904. — "  On  the  Retrospective  Method  of  Valuation." — 

Mr.  F.  Bell. 
30  January  1905. — "On  Staff  Pension  Funds.'' — Mr.  George  King. 
27    February    1905. — "Changes   in   Pure  Premium    Policy- Values 

consequent  upon  Variations  in  the  Rate  of  Interest  or  the  Rate 

of     Mortality,    or    upon    the    introduction    of    the    Rate    of 

Discontinuance." — Mr.  G.  J.  Lidstone. 
27  March  1905. — "Bonuses  in   Model  Office  Valuations  and  their 

Relations  to  Reserves." — Dr.  J.  Buchanan. 
17  April  1905. — "On    the    Importance    and    Practicability    of    a 

Standard     Classification     of     Impaired     Lives." — Dr.    S.    W. 

Carruthers. 

"  Social  Conditions  as  affecting  Widows'  and  Orphans'  Pension 

Funds."— Mr.  S.  J.  H.  W.  Allin. 

[Continued  on  page  406.] 
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Revenue  Account  for  the  year 


Amount  of  Funds  at  the  beginning  of  the  year — 
General  Fund        ...... 

Messenger  Legacy  Pond        .        .        .  . 

Brown  Prize  Fund         .         .         .         .         . 


Examination  Fees  for  year  100-1 


One  Annual  Subscription  Compounded  for 
Fines  for  Re-instatement 


Application  Fees — 
Associates 
Students 
Probationers 


Examination  Fees  for  year  1904  . 

Class  Fees    .."..... 

Sales  of  Publications — 

Journal         ...... 

Text-Book,  Part  1         .         .         .         . 

Text-Book,  Part  II        ... 

Government  Annuity  Tables 

Select  Life  Tables         .... 

Short  Collection  of  Actuarial  Tables     . 

Hardy's  Friendly  Societies    . 

Legal,  Financial,  and  Statistical  Lectures 

Transactions  of  the  Second  International  Congress 

Syllabus  and  Examination  Questions     . 

Dividends  and  Interest  {less  Tax)  — 

General  Fund        ....... 

Messenger  Legacy  Fund        ..... 

Brown  Prize  Fund         ...... 


£  s.    d. 

7,796  3  10 

369  15    2 

254  4     9 

8,420  3     9 

254  2     0 


Subscriptions — 

Fellows 647  17  0 

Associates     .........  543  18  0 

Students 369  12  0 

Probationers          .         .         .         .         .         .         .         .  75  12  0 


S.G74     5 


1,636  19     0 

25     4     0 

1  16    0 


12  12     0 

57     4     6 
44  12     6 


1,663  19 


114     9 

22     1 

186  18 


314  11 

65  19 

175  14 

4  7 
7    1 

5  16 


1  17 

10 

5  16 

5 

16     0 

0 

1  11 

1 

239     1 

0 

10  10 

9 

7     4 

11 

598  16 


256  16 


£11,517     5 


Balance  Sheet, 


General  Fund     . 
Messenger  Legacy  Fund 
Accumulated  Dividends 

Brown  Prize  Fund 
Accumulated  Dividends 


LIABILITIES. 
£ 


s.    d. 


233     9 

146  16 


£ 
8,247 

380 


200 
61 


Examination  Fees  for  vear  1905  ...... 

Sales  of  British  Offices  Life  Tables 

Contributions  of  Companies  towards  cost  of  proposed  further 

Tables  based  on  the  British  Offices  Experience 
Sundry  unpaid  accounts      ....... 


11 


261     9     8 


8,889    3 

249  18 

39  19 


312 
74 


£9,565  13 
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ending  31   March  1905. 


<Cx. 


Journal — 

Printing  of  Nob.  216,  217,  218,  and  219 
Clerical  assistance  .... 


11 

F.  Hardy's  Lectures 
ions — Printing    . 


Library — 

Binding,  Purchases,  and  Index  Cards 
Publications'  Account — Binding 
Meetings       .... 
Examination  charges    . 
Tutors  for  classes  in  Parts  I  and 
Expenditure  on  account  of  Mr.  G 
Syllabus  and  Examination  Quest 
Legal  charges 
Office  Expenditure — 

Rent     . 

Salaries  and  Pension 

House  expenses 

Corporation  Duty  . 

Fire  Insurance 

Stationery  and  Printin; 

Postage  and  Telegrams 

Furniture  and  Fittings 

Sundries 


Expenditure  on  Valuations  for  the  Royal  Patriotic  Fund 
Corporation  ......... 

Amount  of  Funds  at  the  end  of  the  year,  as  per  Balance 
Sheet 


648  l€ 

10 

40    0 

688 

16 

10 

26 

8 

6 

25 

13 

^ 

75 

8 

- 

81 

1 

LO 

239 

8 

0 

91 

1 

9 

41 

6 

6 

9 

0 

0 

600    C 

0 

332     2 

0 

88    a 

11 

11     E 

4 

26  ie 

0 

124  17 

11 

38     7 

11 

16  17 

1 

6     2 

3 

1,244 

15 

e 

104 

17 

6 

V>VJ 

3 

11 

Examined  and  found  correct,  2  May  1906. 
BERNARD   WOODS,      } 


W.  il.  MONILAWS. 
GEO.  A.  BROWN,  ) 


Auditors. 


£11,517     5     7 


31  March  1905. 


ASSETS. 

Natal  3  per-cent  Inscribed  Stock  (£3,000),  cost 

Metropolitan   Railway  3*   per-cent   Debenture   Stock,  converted   from 

£1,050  4  per-cent  Debenture  Stock,  1  Oct.,  1904  (£1,200),  cost 
Great  Eastern  Railway  4  per-cent  Debenture  Stock  (£1,200),  cost 
Great  Northern  Railway  Preferred  Ordinary  Stock  (£1,000),  cost 
Great  Western  Railway  4i;  per-cent  Debenture  Stock  (£1,000),  cost 
Cash  on  Deposit  Account        ......... 

Hash  on  Current  Account        ......... 


£ 

». 

d. 

6 

0 

1,185 

11 

3 

1,546 

6 

4 

1,142 

1  1 

9 

1,524 

5 

i 

0 

0 

820 

!_' 

5 

"The  Institute  also  possesses  certain  copyrights-! 
and  stocks  of  publications  (see  p.  403).       J 

Examined  and  found  correct,  2  May  1905. 

BERNARD    WOODS, 

W.  M.  MONILAWS,  lUon. 

GEO.  A.  BROWN, 


£9,565  13     4 
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For  the  Examinations  held  in  the  United  Kingdom  and  the  Colonies 
on  14,  15,  17,  and  18  April  last,  286  entries  were  received,  namely  : 

124  for  Part       I. 

98    „  „        II. 

44    „  „      III. 

19    „  „       IV. 

The  results  of  the  Examinations  will  he  duly  announced.*  The  Council 
warmly  acknowledge  the  valuahle  services  of  the  Honorary  Examiners  and 
Supervisors. 

Slight  modifications  have  been  made  in  the  wording  and  arrangement  of 
the  Examination  Syllabus,  in  order  to  define  more  clearly  the  allocation  of 
the  subjects  in  each  Part,  and  the  Examination  Time  Table  has  been  altered 
so  as  to  allow  three  periods  of  three  hours  each  (instead  of  two  periods  of 
four  hours)  for  the  Examinations  in  Parts  II,  III,  and  IV. 

For  the  further  convenience  of  Students  a  pamphlet  has  been  published 
containing  the  Syllabus,  and  the  questions  set  during  the  past  three  years, 
and  it  is  intended  to  issue  this  pamphlet  annually. 

A  series  of  six  lectures  on  "  The  Theory  of  the  Construction  of  Tables  of 
Mortality,  and  of  similar  Statistical  Tables  in  use  by  the  Actuary",  has  been 
delivered  by  Mr.  G.  F.  Hard}'.  The  lectures,  which  worthily  maintained 
Mr.  Hardy's  reputation  in  the  branch  of  actuarial  science  referred  to,  were 
followed  with  close  attention  by  a  large  number  of  the  members. 

The  long  and  arduous  labours  of  the  Joint  Committee  of  the  Institute  of 
Actuaries  and  the  Faculty  of  Actuaries  on  Mortality  Investigation  have 
been  finally  brought  to  a  close,  and  the  Committee  has  been  dissolved.  The 
thanks  of  the  Institute,  and  of  all  interested  in  vital  statistics,  are  due  to  the 
members  of  that  Committee  for  the  patience  and  skill  with  which  the 
immense  aggregate  of  crude  facts  has  been  sifted,  and  sorted,  and  reduced  to 
an  ordered  and  intelligible  collection  of  tables  which  are  of  the  highest 
interest,  and  of  the  greatest  value  as  tools  of  precision  in  the  hands  of 
the  practising  actuary. 

Mr.  George  King  has  felt  compelled  to  resign  the  position  of  Editor  of 
the  Journal,  which  he  has  filled,  with  such  marked  ability,  since  October, 
1896 ;  and  the  Council  are  pleased  to  report  that  Mr.  T.  G.  Ackland 
has  been  appointed  to  succeed  him. 

The  Council  have  much  pleasure  in  announcing  that  Mr.  King 
has  accepted  an  invitation  to  deliver  an  annual  course  of  lectures  on  the 
actuarial  subjects  comprised  in  the  Syllabus  for  the  Examinations  in 
Parts  III  and  IV  of  the  Examinations.  The  first  series  of  lectures  will 
commence  in  October  next,  and  full  particulars  will  shortly  be  communicated 
to  the  members.f 

EXAMINATIONS,   1905. 

Examinations  were  held  on  the  14th,  15th,  17th,  and  18th  of  April, 
1905,  in  the  United  Kingdom  and  the  Colonies,  at  London,  Edinburgh, 
Dublin,  Adelaide,  Melbourne,  Sydney,  Montreal,  Toronto,  Ottawa,  and 
Winnipeg,  with  the  following  results,  the  names  in  each  class  being 
arranged  in  alphabetical  order : — 

Paet  I. 

One  hundred  and  twenty-four  candidates  sent  in  their  names,  of  whom 
one  hundred  and  eighteen  presented  themselves,  and  seventy-one  passed, 
namely : — 

*  These  results,  for  the  United  Kingdom  and  Colonies  combined,  are  given 
on  pp.  407-8. 

t  See  p.  413. 
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Class  I. 


Alder,  M.  C. 
Allen,  J. 
Bromby,  W. 
Burrows,  G.  E. 
Burrows,  V.  A. 
Clarke,  H.  G. 
Dark,  T.  A. 
Derrick,  V.  P.  A. 


Adam,  C.  C. 
Atkins,  F.  C. 
Beamish,  E.  C. 
Clemens,  F.  B. 
Edwards,  H.  A. 
Edwards,  H.  H. 
Flynn,  B.  D. 
Forbes,  J. 
Goodall,  E.  V. 
Hamley,  E.  F. 
Harrington,  E.  W. 
Johns,  A.  H. 
Keevil,N. 

Agutter,  W.  J. 

Blackadar,  E.  G. 
Bradshaw,  F.  L. 
Brown,  J. 
Cogar,  W.  E. 
Coutts,  K.  V. 
Cox,  S.  N. 
Dore,  H.  W. 
Dulley,  J.  F. 
Eastcott,  W.  M. 
Hammond,  H.  P. 
Harnack,  F.  W. 
Harrison,  L. 
Hill,  C.  D. 


White,  R.  C.  S. 
Class  II: 


Class  III. 


Homan,  R.  C. 
Laing,  J.  M. 
McKechnie,  J.  II. 
Sinclair,  C.  C. 
Stone,  M. 
Thompson,  J.  S. 
Walker,  D.  A. 
Wellington,  F. 


Kenchington,  F. 
King,  A.  E. 
Lafford,  H.  G. 
Langstaff,  M.  P. 
Osborne,  W.  A. 
Pickup,  J.  R. 
Reeve,  G.  M. 
Rowland,  S.  J. 
Schooling,  T.  H. 
Sloan,  J.  J.  E. 
Welsh,  W. 
White,  O.  D. 
Woodward,  J.  H. 

Jennings,  R.  W. 
Kidd,  H.  D. 
Marshall,  A.  W. 
Marshall,  J.  E. 
Perry,  S.  J. 
Phillips,  T.  A. 
Pollard,  E.  C. 
Sharp,  H.  G. 
Stuart,  C.  J.  S. 
Thompson,  J.  H.  R. 
Thompson,  J.  W. 
Tutill,  H.  L. 
Williams,  H.  C. 
Wisdom,  S.  H. 


Part  II. 
Ninety-eight  candidates  sent  in  their  names,  of  whom  ninety  presented 
themselves,  and  forty-five  passed,  namely:  — 


Langstaff,  J.  M. 

Barford,  F.  W. 
Cooper,  J.  J. 
Downes,  E.  G. 
Falk,  O.  T. 
File,  L.  K. 
Hallman,  M.  S. 
Hancock,  E.  J. 
Jefferson,  J.  A. 
Leigh,  S.  G. 
Macfarlane,  J.  A. 
McKechnie,  J.  B. 


CI  at 


Class  II. 


Win  Stanley,  C.  W 


Melville,  H.  E. 

McPhail,  F.  C. 
Maltby,  C.  H. 
Monkhouse,  C.  C. 
Moore,  G.  L. 
Raynes,  H.  E. 
Savery,  R.  S.  B. 
Story,  C.  L.  W.  S. 
Stuckey,  R,  R. 
Townley,  E.  W. 
Tully,  A.  P.  T. 
Wansbrough,  T.  P. 
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Class  III: 


Bain.  W.  A. 
Chubb,  W. 
Crump,  P.  C. 
Eldertou.  E.  L. 
Ellis,  E.  G.  G. 
Farmer,  E.  C. 
Gould,  W.  H. 
Hammond,  R. 
Hitchins.  W.  R. 
Latham,  B. 


Makepeace,  F.  L. 
Monilaws,  W.  15. 
.Moure,  G.  E. 
Newnham,  E.  W. 
Pat  on,  A.  G. 
Shute,  O.  B. 
Somerville,  W.  H. 
Strong,  A.  W. 
Sturt,  H.  R. 
Touzel,  P.  D. 


Pabt  III. 
Forty-four    candidates    sent    in    their    names,    of    whom   thirty-nine 
presented  themselves,  and  eight  passed,  namely  : — 

Class  I: 
None. 

Class  II: 

None. 

Class  III: 


Humphreys,  H.  T. 
Kelham,  C.  S. 
Mackenzie,  M.  A. 
Neill,  S.  B. 


Robertson,  F.  W. 
Spurgeon.  E.  F. 
Stewart,  L.  W. 
fWandless,  J.  R. 


Past  IV. 
Nineteen    candidates    sent    in    their    names, 
themselves,  and  twelve  passed,  namely  : — 

Class  I: 
None. 


all    of    whom    presented 


fChandler,  T.  R. 


Court,  A.  G.  D. 

Denmead,  J.  C. 
fGemmill,  W. 
fGreen,  G. 


Class  II: 

|  fPenman,  W.,  Jr. 

fThompson,  T.  P. 


Class  III: 


tMilligan,  C.  L. 
tOakley,  H.  J.  P. 
fRobinson,  H.  T.  K. 
fSherriff,  F.  H. 


fWilson,  J.  S. 
Those  marked  (t)  have  now  completed  the  Examination  for  the  Class  of  Fellow. 


PROCEEDINGS  AT  THE  ANNUAL  GENERAL  MEETING. 
The  fifty-eighth  Annual    General    Meeting   of   the  members  was   held 
at  Staple  Inn  Hall,  on  Monday,  June  5,  the  President,  Mr.  Henry  Cockburn, 
in  the  chair. 

The  Report  of  the  Council  (given  on  p.  402)  having  been  taken  as  read, 

The  President,  in  moving  that  the  Report  and  Accounts,  as  presented, 

be  adopted,  said  that  he  need  not  trouble  the  meeting  with  many  remarks 

in  moving  the  resolution.     It  would  be  seen  that  the  number  of  members 

had  increased  to  881,  that  figure  being   the  highest  ever  reached  in  the 
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history  of  the  Institute.  It  was  also  of  interest  to  notice  that  since  the 
Royal  Charter  was  obtained,  20  years  ago,  the  numbers  had  rather  more 
than  doubled.  The  increase  during  the  past  year  had  taken  place  in  the 
Associates  and  Students ;  curiously  enough  the  number  of  Fellows  remained 
exactly  the  same  as  in  the  previous  year.  The  Institute  had,  as  usual,  to  regret 
the  loss  by  death  of  various  members — during  the  present  year  to  a  less  extent, 
happily,  than  in  the  previous  year;  but,  nevertheless,  there  had  been  some 
serious  deprivations.  Firstly,  they  had  to  regret  the  death  of  their  old  friend 
and  former  President,  Mr.  Archibald  Day.  There  never  was  a  more  faithful 
supporter  of  the  Institute  than  Mr.  Day,  who  was  the  friend  both  of  the 
older  and  of  the  junior  members.  His  kindly  presence  would,  he  was  sure, 
be  long  missed  in  the  Hall  and  elsewhere.  The  Institute  had  also  lost  an 
old  friend  in  Mr.  Frank  McGedy,  who  had  been  out  of  office  for  some  time, 
and  whom  they  had  therefore  not  seen  very  recently.  Mr.  David  Deuchar's 
death  came  very  suddenly  while  he  was  in  full  vigour  and  work,  and 
the  Council  deeply  regretted  his  loss.  Mr.  Deuchar  was  associated  with 
some  present  in  the  Joint  Mortality  Investigation,  and  they  all  had  a  great 
regard  for  him.  The  Institute  had  also  suffered  loss  in  the  death  of  two 
Associates,  Mr.  Mills  and  Mr.  Paterson,  and  two  corresponding  members, 
M.  Landr.'  and  Dr.  Grosse,  the  last  two  gentlemen  not  having  been 
members  for  a  very  long  period. 

With  reference  to  the  funds,  the  balance-sheet,  again,  as  last  year, 
showed  an  increase  of  about  £200.  That  increase  was  accounted  for  almost 
altogether  by  one  item,  i.e.,  the  sales  of  the  Journal  and  of  the  Text-Book, 
Parts  I  and  II.  The  increase  during  the  past  year  was  nearly  £200  in 
those  items  alone.  He  did  not  think  there  was  anything  else  calling  for 
special  attention  in  connection  with  the  accounts,  but  he  would  be  happy 
to  answer  any  question  which  might  be  put.  During  the  past  session  a 
number  of  interesting  and  practical  papers  had  been  given,  some  from  old 
contributors,  and  some,  he  was  happy  to  say,  from  new  ones.  This  showed 
that  what  might  be  called  old  subjects  were  deserving  of  fresh  treatment 
and  consideration  from  time  to  time,  and  received  fresh  impetus  from  the 
new  thoughts  brought  to  bear  upon  them  by  active-minded  members.  He 
thought  also  that  they  need  have  no  fear  that  new  topics  would  fail  to  arise. 

No  fewer  than  285  entries  were  made  for  the  examinations.  This  was 
10  more  than  in  the  previous  year,  and  appeared  to  be  a  record  number 
of  entries.  As  the  members  had  heard  more  than  once  recently,  the 
proportion  of  passes  was  not  quite  so  large  in  the  different  examinations 
as  the  Council  could  wish.  The  Council  had  had  the  matter  under 
consideration  during  the  past  year,  and  it  would  be  seen  that  slight 
modifications  had  been  made  in  the  syllabus  and  in  the  time  allowed  for 
the  examinations,  while  a  pamphlet  had  been  printed  containing  the 
questions  set  in  each  examination  during  the  last  three  years.  In  that  way 
the  Council  had  endeavoured,  not  to  modify  the  standard,  but  to  afford  all 
reasonable  assistance  to  men  fairly  well  prepared  for  the  examination. 

The  members  had  also  had  the  pleasure  during  the  past  session  of 
listening  to  a  series  of  lectures  from  Mr.  George  Hardy.  Those  lectures, 
as  was  to  be  expected,  were  very  well  attended,  and  listened  to  with  great 
interest  throughout.  The  Council  hoped,  ere  long,  to  publish  the  lectures, 
which  were  at  present  under  revision  by  the  author. 
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The  Joint  Mortality  Committee  had  at  last  been  dissolved,  their  sittings 
having  extended  over  a  period  of  nearly  eight  years  ;  and  a  final  account 
had  been  taken  of  the  receipts  and  expenditure.  In  that  connection,  no 
doubt  the  members  would  have  noticed  in  the  accounts  that  a  sum  of 
£312.  -I*,  appeared  in  the  balance-sheet  as  contributions  of  companies  towards 
the  cost  of  proposed  further  tables,  based  on  the  British  Offices'  Experience. 
The  meaning  of  that  item  was,  that  a  number  of  companies  in  London  were 
good  enough  to  return  to  the  Institute  the  surplus  which  was  sent  to  them 
on  the  final  account,  with  the  idea  that  the  Institute  should  bring  out  at  all 
events  one  more  volume  of  a  practical  kind  for  every-day  use — perhaps 
something  on  the  lines  of  Mr.  Ralph  Hardy's  Valuation  Tables,  as  was 
suggested  at  the  annual  meeting  last  year  by  Mr.  Browne.  The  Council 
had  appointed  a  small  committee  to  deal  with  the  matter,  and  he  hoped 
some  useful  result  would  accrue  before  long. 

The  Institute  bad  lost  Mr.  King  as  editor  of  the  Journal.  Mr.  King 
had  filled  that  position  since  the  year  1896,  and  be  need  not  tell  the  members 
that  the  Council  received  Mr.  King's  resignation  with  very  great  regret,  and 
accorded  him  their  warmest  thanks.  He  was  particularly  pleased  to  be 
able  to  make  an  announcement  in  connection  with  that  gentleman  of 
a  more  pleasing  nature,  namely,  that  the  Council  had  persuaded  Mr.  King 
to  deliver  an  annual  course  of  lectures  on  the  actuarial  subjects  comprised  in 
the  Syllabus  of  Parts  III  and  IV  of  the  Examinations.  He  could  hardly 
recollect  a  time  when  Mr.  King  had  not  been  doing  something  for  the 
Institute,  and  there  was  no  one,  he  was  sure,  who  would  undertake  the 
proposed  duty  more  ably  than  Mr.  King.  He  would  throw  his  whole  experience 
and  great  powers  into  it,  and  he  had  no  doubt  that  rnany  of  the  members — 
whether  students  or  others — would  be  very  glad  to  come  and  listen  to  him. 
The  particulars  of  the  lectures  would  be  announced,  he  hoped,  very  shortly. 
They  would  commence  in  October,  and  continue  thereafter. 

About  a  year  ago  a  Committee  was  appointed  by  the  House  of  Commons 
on  the  subject  of  income  tax,  and  it  was  hoped  by  the  Council  that  the  terms 
of  the  reference  might  permit  of  the  subject  of  income  tax  in  its  relation 
to  life  offices  being  discussed.  He  was,  therefore,  asked  to  approach  the 
authorities,  and  he  volunteered  to  give  evidence.  It  was  found,  however, 
that  the  scope  of  the  reference  did  not  permit  of  that;  the  only  matter  upon 
which  he  was  permitted  to  give  some  evidence  was  in  relation  to  the 
taxation  of  terminable  annuities.  He  attended  before  the  Committee  on 
behalf  of  the  Institute,  and  his  friend  Mr.  Ryan  attended  also  at  the  same 
time  on  behalf  of  the  Life  Offices'  Association,  and  they  stated  their  views 
in  regard  to  taxing  the  whole  of  the  annuity,  whether  it  was  terminable  or 
for  life.  He  confessed  that  he  did  not  think  they  made  much  practical 
headway  with  the  Committee  on  that  occasion,  not  because  the  Committee 
did  not  see  the  point  which  was  brought  before  them,  but  because  they 
apparently  saw  great  difficulty  in  giving  practical  effect  to  the  suggestions 
which  were  made.  As  President  of  the  Institute,  he  had  just  been  appointed 
by  the  Board  of  Trade  to  serve  on  the  Committee  dealing  with  a  certain 
class  of  investment  companies,  and  he  hoped  that  that  Committee  might 
prove  of  some  use. 

The  President  concluded  by  moving  "  That  the  Report  and  Accounts,  as 
presented,  be  adopted." 
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Mr.  George  King  said  that  in  the  absence  of  Mr.  Browne  it  devolved 
on  him  to  second  the  motion  for  the  adoption  of  the  Report,  and  there  were 
one  or  two  points  to  which  he  would  like  to  refer.  All  the  members  deeply 
appreciated  the  lectures  that  Mr.  G.  F.  Hardy  had  delivered.  Such 
lectures,  however,  were  not  easy  to  follow  without  notes  being  in  the 
hands  of  the  audience;  and  they  all,  therefore,  looked  forward  to  the 
time  when  the  lectures  would  be  printed  and  circulated.  He  felt 
perfectly  certain  that,  just  as  they  had  learned  so  much  from  the 
other  works  of  Mr.  G.  F.  Hardy,  they  would  be  under  a  further 
obligation  to  him  through  the  publication  of  the  recent  lectures.  The 
Report  showed  that  the  Council  and  Officers  did  a  great  deal  of  work  for 
the  Institute,  but  there  was  one  direction  in  which  some  of  the  junior 
members  might  assist  in  the  work;  he  referred  to  the  prize  essays  which 
the  Council  hoped  would  be  sent  in.*  It  would  be  very  useful  to  the 
Institute  if  a  number  of  good  prize  essays  were  sent  in,  and  it  would  also 
be  very  useful  to  those  who  wrote  them,  even  if  they  should  not  be 
fortunate  in  winning  prizes.  The  members  were  also  very  pleased  to  know  that 
further  tables  were  to  be  published,  based  on  the  British  Offices'  Experience. 
Were  it  not  for  such  subsidiary  tables  the  main  tables  would  be  of 
comparatively  little  use.  As  an  illustration  of  this  he  might  point  to 
the  fact  that,  because  there  were  few  or  no  deduced  tables  based  upon 
the  17  Offices'  Experience,  those  tables  had  practically  never  been  used 
in  this  country;  and  it  was  curious  that,  although  there  had  been 
various  English  Life  Tables  issued  since  No.  Ill,  they  had  never  come 
into  use :  mainly  because  there  were  so  many  tables  based  on  No.  III.  It 
was  therefore  of  importance  that  an  abundance  of  tables  should  be  issued, 
based  on  the  British  Offices'  Experience,  and  the  Institute  had  to  thank  the 
companies  for  their  generosity  in  placing  money  at  their  disposal,  enabling 
them  to  do  work  in  that  direction.  He  had  nothing  further  to  add,  except 
in  reply  to  the  President's  kind  reference  to  himself,  to  say  that  he  would 
do  his  best  to  make  the  lectures  useful  to  all  who  cared  to  attend.  It  was 
not  an  easy  task,  and  a  great  responsibility  would  rest  upon  him;  but 
having  undertaken  it,  he  would  not  shrink  from  it. 

The  resolution  for  the  adoption  of  the  Report  was  then  put  and  carried 
unanimously. 

Election  of  Officees. 

Messrs.  J.  H.  Barnes  and  A.  W.  Tarn  were  appointed  scrutineers  of  the 
ballot  for  the  election  of  officers. 

The  ballot  was  then  taken,  and  the  President  subsequently  announced 
that  the  following  list  of  Fellows,  recommended  by  the  Council  for  election, 
had  been  unanimously  approved  : — 

President. 
Heney  Cockbuen. 

Vice-Presidents. 

Geoegb  King.  Feedeeick  Schooling. 

Ebnest  Woods.  Thomas  Gans  Ackland. 

*  See  pages  127,  128. 
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Oouncih 

Thomas  Gans  Ackland.  Geoege  King. 

*Heney  Walsingham  Andras.  Geoege  James  Lidstone. 

Heney  James  Bakes.  Henby  William  Manly. 

James  Blakey.  *Geoffeey  Marks. 

Henry  Cockbubn.  Aethub  Ebnest  Molyneux. 

*FbancisEbnest  Colenso,  M.A.  William  Peyton  Phelps,  MA. 

Gordon  Douglas.  Gebald  Hemmington  Ryan. 

Joseph  Ebnest  Faulks,  B.A.  Fbederick  Schooling. 

Duncan  Gumming  Fraser, M.A.  George  Todd,  M.A. 

Niel  Ballingal  Gunn.  Samuel  George  Wabneb. 

Ralph  Pbice  Habdy.  Alfbed  William  Watson. 

*Abthub  Geoege  Hemming.  James  Douglas  Watson. 

Chables  Daniel  Higham.  Ebnest  Woods. 

*Lewis  Fbederick  Hovil.  Frank  Bebtband  Wyatt. 

*William  Hutton.  Thomas  Emley  Young,  B.A. 

Treasurer. 
Gebald  Hemmington  Ryan. 

Honorary  Secretaries. 
Geoege  Todd,  M.A.  |      Samuel  George  Wabneb. 

*  Not  Members  of  the  previous  Council. 

On  the  motion  of  Mr.  J.  S.  Hazell,  seconded  by  Mr.  W.  C.  Laing, 
Messrs.  W.  M.  Monilaws  and  George  A.  Brown  were  re-elected  auditors, 
and  Mr.  H.  Lugton  was  elected  an  auditor,  for  the  ensuing  year. 

Mr.  H.  E.  Nightingale,  in  moving  a  vote  of  thanks  to  the  President, 
Vice-Presidents,  Council,  Officers,  Examiners,  and  Supervisors,  for  their 
services  during  the  year,  thought  the  success  and  progress  of  the  Institute 
were  largely  due  to  the  continued  good  administration  of  the  President  and 
Council.  The  fruits  of  their  wise  and  liberal  policy  were  shown  by  the 
steady  maintenance  of  the  membership,  the  high  character  of  the  general 
contributions,  and  \>y  the  strong  position  which  the  Institute  held  in  the 
profession  and  in  the  estimation  of  the  public.  The  Institute  was  also 
in  au  excellent  financial  condition,  and  no  mark  of  appreciation  was  too  high 
for  the  onerous  and  valued  services  rendered  by  the  Examiners. 

Mr.  James  Chatham,  in  seconding  the  motion,  said  the  work  of  the 
officers  was  a  labour  of  love,  and  he  therefore  thought  the  vote  of  thanks 
should  be  all  the  more  hearty  on  that  account. 

The  resolution  having  been  carried  with  acclamation, 

The  Pbesident,  on  behalf  of  the  Vice-Presidents,  Council,  Officers, 
Examiners,  and  himself,  thanked  the  members  very  sincerely  for  the  kind 
vote  which  had  just  been  accorded  to  them.  He  was  sure  that  all  who 
served  with  him  round  the  table,  or  who  served  as  examiners,  were  actuated 
by  the  spirit  of  loyalty  to  the  Institute  and  the  desire  to  see  it  flourish. 

Mr.  E.  A.  Rushes,  in  moving  that  a  vote  of  thanks  be  given  to  the 
auditors,  Messrs.  Bernard  Woods,  W.  M.  Monilaws  and  G.  A.  Brown,  for 
their  services  during  the  past  year,  said  that  the  accounts  seemed  to  grow 
greater  in  volume,  and  he  therefore  thought  that  as  each  year  passed  the 


1905.]  Notice  of  Lectures.  413 

members  owed  to  the  auditors  an  increasing  debt  of  gratitude  for  seeing 
that  the  statements  were  drawn  up  in  proper  order. 

Mr.  Hemming  seconded  the  motion,  which  was  carried  with  acclamation. 

Mr.  Bernard    Woods,  on   behalf  of   Messrs   Monilaws,  Brown  and 
himself,  thanked  the  members  for  so  kind  a  recognition  of  their  Ben 
It  was  certainly  true  that  the  volume  of  business  was  larger,  but  at  the 
same  time,  owing  to  the  excellent  way  in  which  Mr.  Jarvis  prepared  the 
accounts,  the  auditors'  labours  were  very  light. 

The  President  then  adjourned  the  meeting  to  Monday,  27  November  1 ."  ". 


LECTURES 

On  the  Actuarial  Subjects  of  Parts  III  and  IY  of  the 
Examinations. 

The  Council  have  arranged  for  a  series  of  twenty-four  Lectures, 
to  be  delivered  by  Mr.  George  King  during  the  Session  1905-6, 
commencing  on  Thursday,  5  October,  and  continuing  weekly 
(subject  to  the  usual  vacation  at  Christmas)  until  5  April  1906. 
These  Lectures,  whilst  mainly  intended  for  Students  in  Parts  III 
and  IV,  may  also  be  regarded  as  partaking  of  the  nature  of  a  post- 
graduate course,  and  will  be  available  for  all  members  of  the  Institute 
possessing  a  knowledge  of  the  subjects  of  Part  II  of  the  Examinations. 
The  Syllabus  of  the  first  twelve  Lectures,  to  be  delivered  before 
Christmas,  1905,  is  as  follows  : — 

History  of  Life  Assurance. 

History  of  Mortality  Tables. 

Construction  of  Mortality  Tables  from  Population  Statistics, 

by  Milne's  Method. 
Construction  of  Mortality  Tables  from  Population  Statistics, 

by  the  Analytical  Method. 
Construction  of  Mortalitv  Tables  from  the  Records  of  Life 

Offices. 
Law  of  Mortality. 
Graduation  of  Mortality  Tables. 

Further  particulars  as  to  fees,  time  of  meeting,  &c,  have  been 
communicated  to  all  members  of  the  Institute. 
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Additions  to  the  Library. 
The  following  works  have  been  added  to  the  Library   since   the 
publication  of  the  Journal  for  October  1904: 


By  whom  presented 
(when  not  purchased). 


Accountants,  Institute  of  Chartered,  in  England  and  Wales. 
List  of  Members,  1905. 

Actuarial  Society  of  America. 
Transactions,  1904-5. 
Continuing  inter  alia — 

"  On  the  Principles  which  should    determine  the 

Maximum  Single  Risk,  and  the  Acceptance  of 

exceptional  Classes  of  Risks  ",  by  W.  S.  Nichols. 
"  Notes  on  a  Factor,  hitherto  overlooked,  of   the 

Rate  of  Interest  ",  by  C.  T.  Lewis. 
"An  Experiment  with  the  Specialized  Investigation", 

by  R.  W.  Weeks. 
"  The  Decline  in  the   Birth   Rate  in  New  South 

Wales  ",  by  R.  Teece. 
"  Methods    of    Intervaluation    Ascertainment    of 

Reserves  ",  by  M.  M.  Dawson. 
'•  Effect  of  Total  Abstinence  on  the  Death  Rate  ", 

by  J.  G.  Van  Cise. 
"  A    Graduation    of    the     Specialized    Mortality 

Experience",  by  A.  Hunter. 
"  On    the    Repayment    of   Loans   by   Contingent 

Instalments  ",  by  H.  W.  Robertson. 

Actuaries,  Faculty  of 

Transactions,  1904-5. 
Containing  inter  alia — 

"  Life  Offices  and  Trust  Funds  ",  by  W.  B.  Paterson. 
"  Life  Assurance  without  Medical  Examination  ", 

by  J.  Nicoll. 
"  The  Investments  of  Australasian  Life  Offices  ", 

by  J.  B.  Gillison. 
"  The  Use  of  Select  Tables  for  the  Calculation  of 
Survivorship  Benefits",  by  Dr.  J.Buchanan. 
"  The    Influence   of    Expenses   and    Selection   on 
Reserves  for   recently-effected   Policies ",  by 
Dr.  J.  Buchanan. 
"  Office  Premiums",  by  H.  Moir. 
"  The  English  Land  Registry  ",  by  J.  R.  Hart. 
"  Widows'  Funds :    The  Valuation  of  a  Widow's 

Annuity",  by  V.  Marr. 
"  Titles     to      Life     Assurance      Policies  ",      by 

A.  E.  Sprague. 
"  Notes  on  Local  Loans  ",  by  T.  Kyd. 
Alpe  (E.  N.). 

The  Law  of  Stamp  Duties  on  Deeds  and  other } 
Instruments.  Revised  and  amplified  by  A.  B.  S 
Cane,  B.A.     Tenth  Edition,  1905.  ) 

Altenburger  (J.). 

Beitrage  zum  Problem  der  Ausgleichung  von } 
Sterblichkeitstafeln.     Budapest,  1905.  ) 

American  Mathematical  Society. 

Transactions,  1904-5. 
American  Statistical  Association. 

Transactions,  1904-5. 


The  Institute. 


The  Society. 


The  Faculty. 


Purchased. 

The  Author. 

The  Society. 
The  Association. 
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Andrae  (A.). 

Die  Sterblichkeit  in  den  Berufen  die  sich  mit  der"^ 
Herstellung  und  dem  Verkanf  geistiger  Getranke  > 
befassen.     Berlin,  1905.  ) 

Australian  Mutual  Provident  Society. 
Fifty-sixth  Annual  Report. 

Austria. 

Die  privaten  Versieherungsunternehmungen  in  den  iin  ~\ 
Reiehsrathe  vertretenen  Konisrreichen  und  Landern  > 
im  Jahre,  1902.  ) 

Baker  (H.  J.),  and  Eaisiu  (A.  H.). 

British    Offices    Life    Tables,   1893.       Select    Tables \ 
deduced  from  the  Qraduated  Experience  of  Whole-  I 
Life  Participating  and  Non-Participating  Assur-  - 
ances  on   Male   Liree,   at  l'\,   2f,    3,   3i,   3.},  and 
4  per-cent  interest.     1901.  J 

Another  copy. 

A  further  copy. 

Bankers. 

Journal  of  the  Institute  of  Bankers.  } 

List  of  Members,  1905.  j 

Belgium. 

Bulletin  de  1' Association  des  Actuaires  Beiges. 

Bulletin    du    Comite    permanent   des    Congres    inter-  ^ 

nationaux  d' Actuaires.     1904.  ) 

Compte  Rendu  des  Operations  et  de  la  Situation  de  la '/ 

Caisse  Generale  d'Epargne  et  de  Retraite.     1904.    ) 

Bertelsen  (N.  P.),  and  Steffensen  (J.). 

A  Table  for  determining  the  Rate  of  Interest  in  an  ^ 
Annuity-Certain.  ) 

Bertillon  (Dr.  Jacques). 

Nomenclatures  des  Maladies.    (Statistique  de  Morbidity  "* 
— Statistique  des  causes  de  deces)  arretees  par  la 
Commission    internationale  chargee  de  reviser  les 
nomenclatures  nosologiques,  1900.     Avec  notices  et 
annexes.     Montevrain,  1903. 

■•  Biometrika." 

Vol.    Ill,   part    IV,    and    Vol.    IV,    parts    I    and    II, 
containing,  inter  alia — 

"  Das  Fehlergesetz  und  seine  Verallgemeinerungen 
durch  Fechner  und  Pearson."  A  Rejoinder, 
being  an  Historical  Account  of  Skew  Variation, 
by  Karl  Pearson. 

Brabrook  (Sir  E.  W.). 

Institutions  for  Thrift.     1905 

Bunyon  (C.  J.). 

The  Law  of  Life  Assurance :  Edited  by  J.  Vesey  ~i 
Fitzgerald.     Fourth  Edition,  1904.  ) 

Cantelli  (Dr.  F.  P.) . 

Sull'  adattamento  delle  curve  ad  una  serie  di  misure  o  ~t 
di  osservazioni.     Rome,  1905.  ) 

Davenport,  (C.  B.) 

Statistical  Methods  with  Special  Reference  to  Biological  \ 
Variation.     New  York,  1904.  3 


By  xrhom  presented 
(ichtn  not  purchased). 


The  Author. 


The  Society. 


The  Austrian 

Government. 


The  Authors. 

The  Publishers. 
Purchased. 

The  Institute. 


The  Association. 

The  Permanent 

Committee. 

The  Belgian 

Government. 


The  Authors. 


The  Author. 


Purchased. 


Purchased. 


Purchased. 


The  Author. 


Purchased. 
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Dawson  (M.  M.). 

Various  derived  Tables.  One  Life.  American  Experience 
Tables  of  Mortality.  Second  Edition.  With 
Logarithmic  Tables  and  Select  and  Ultimate 
Values.     New  York,  1905. 

Depas  (L.). 

Le  Regime  des  Societes  Francaises  et  etrangeres 
d' Assurances  sur  la  vie  en  France.     Paris,  1903. 

Dizler  (C). 

In  Arithmetischen   Reihen  steigende  Renten.      1904. 

d'Ocagne  (M.). 

Le  Calcul  Simplifie  par  les  Precedes  Mecaniques  et 
Grapbiques.     Second  Edition.     Paris,  1905. 

Eedy  (A.  M.). 

Industrial  Life  Assurance  in  Australasia.  Sydney, 
N.S.W.     1903. 


By  whom  presented 
(ti'hen  not  purchased). 


The  Author. 


Eisner  (Dr.  A.  F.). 

Assecuranz  Almanach,  1905. 

Engineers,  Institution  of  Civil 
List  of  Members,  1905. 

France. 

Bulletin  de  PInstitut  des  Actuaires  Francais. 

Revue  des  Assurances  sur  la  vie  :  Doctrine — Instructions  ~\ 
Pratiques — Jurisprudence — Questions  Medicales —  > 
Statistique — &c.     9  vols.     Paris,  1874-82.  ) 

Germany. 

Deutscber     Verein     fiir    Versicherungs-Wissenschaft. 

List  of  Members.     1905. 
Verbffentlichungen  des   Deutscben  Vereins  fiir  Vers- 

iscberungs-Wissenscbaft.     1904-5. 
Zeitscbrift  des   Koniglich   Preussiscben    Statistiscben 

Bureaus.     1904-5. 
Zeitscbrift    fiir    die    gesamte    Versicherungs-Wissen- 

scbaft.     1904-5. 

Gunn  (N.  B.). 

Stock  Exchange   Securities  and   bow  to  select  them. 
Edinburgh,  1904. 

Henderson  (R.). 

Frequency  Curves  and  Moments.     1904. 

Holland. 

Archief  voor  de  Verzekerings-Wetenschap.     1904-5. 

Jaarboekje  van  de  Vereeniging  voor  Levensverzekering.  ^ 

1905.  ) 

Mededeelingen  der  Vereeniging  voor  Levensverzekering.  \ 

1904-5.  \ 

Infantile  Mortality. 

A  Collection  of  Cuttings  from  the  Times.     1904. 

Ingall  (G.  D.),  and  Withers  (G.). 
The  Stock  Exchange.     1904. 

Insurance  Bine  Book  and  Guide. 
1904-5. 

"  Insurance  Register."     Hy  William  White. 
1905. 


Purchased. 
The  Author. 
The  Author. 

The  Author. 

The  Publishers. 

The  Institution. 

The  Institute. 
P.  H.  Curtis. 

The  Society. 

The  Editor. 

The  German 
Government. 

The  Society. 

The  Author. 

The  Author. 

The  Society. 

The  "  Algemeene 

Maatschappij ." 

The  Society. 

Purchased. 

Purchased. 
The  Publishers. 
The  Publishers 
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Ireland,  Insurance  Institute  of. 

Journal,  1898-1905,  containing  inter  alia — 

"  On     the     Construction      of      Life     Assurance 

Premiums ",  by  C.  E.  Howell. 
"  The   Elements  of  the  Theory  of  Probability ", 

by  W.  A.  Martin. 
"Some  Aspects  of  the  Workmen's  Compensation 

Act  ",  by  M.  Good. 
"  Death    Kates  in  Former  and  Recent  Times  ",  by 

Sir  C.  A.  Cameron,  C.B.,  M.D. 
"  Insurance  and  Banking  Finance:  A  Contrast  and 

a  Forecast"',  by  G.  P.  Blizanl. 
"Suggested     Amendments     in     the     Workmen's 

Compensation  Acts  ",  by  H.  Hanna,  LL.B. 

Joint  Committee  of  the  Institute  of  Actuaries  and  the 
Faculty  of  Actuaries  in  Scotland  on  Mortality 
Investigation. 

Transactions,  1893-1905.     Six  copies,  for  reference  } 
only.  ) 

"  Journal  of  the  Federation  of  Insurance  Institutes." 
Vol.  VII,  containing  inter  alia — 

"  A  Life  Office  Prospectus  ",  by  J.  Stirling. 

"  Notes  on  Investments  ",  by  J.  Robb. 

"  Observations  on  Medical  Examination  in  connec- 
tion with  Life  Assurance  ",  by  B.  J.  Baron, 
MB. 

"  Old  A?e  Pensions  ",  by  D.  C.  Fraser. 

"  The  Main  Principles  to  be  followed  in  the 
Selection  of  Lives  by  a  Life  Assurance 
Company  ",  by  J.  B.  Hall. 

"  The  Principles  of  Organization  in  an  Insurance 
Office",  by  T.  E.  Young,  B.A. 

"  The  Value  of  New  Business  to  a  Life  Office  ",  by 
D.  Y.  Mills. 

"  Weights  and  Measures  ",  by  C.  E.  Galwey. 

Lepreux  (0.). 

De  la  Reparation  des  Accidents  du  Travail  conformeinent") 
a  la  loi  du  24  Decembre  1903  :  Critique  d'un  projet  ( 
de  Caisse  Commune  des  industries  du  Bassin  de  C 
Liege.     Brussels,  1905.  ) 

London  Mathematical  Society. 
Proceedings,  1904-5. 

McKellar  (J.  A.). 

Note  on  Lubbock's  Formula. 


By  whom  presented 
(when  not  purctiased). 

The  Institute. 


1904. 


Maluquer  y  Salvador  (J.). 

Caja  Nacional  de  Seguro  Popular.     Ponencia,  1904.  "\ 

Cajas  Nacionales  de  Seguro   Popular.     Information  (_ 

Legislativa.     1904.  v 

Problemas  Internacionales  del  Seguro.     1905.  ) 

Maluquer  y  Salvador  (J.)>  and  others. 

Proyecto  de  Ley  de  Instituto  Nacional   de   Prevision.  ) 
1905.  3 

Manchester,  Insurance  Institute  of 
Report  and  Proceedings,  1903-4. 
Containing  inter  alia — 

"  Income  Tax  as  affecting  Insurance  Companies  ", 
by  R.  N.  Carter. 

VOL.    XXXIX. 


The  Joint 
Committee. 

Purchased. 


The  Author. 

The  Society. 
Geoffrey  Marks. 

The  Author. 


J.  Maluquer  y 
Salvador. 


The  Institute. 
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Moir  (H.). 

Life  Assurance  Primer  :  A  Text-Book  dealing  with  the 
practice  ami  Mathematics  of  Life  Assurance. 
New  York,  1904.     Two  copies. 

Molt  (C.  G.). 

Die  Kredit-Versicherung.     Berlin,  1905. 

New  Zealand,  Insurance  Institute  of 

Report  and  Proceedings,  1904,  containing  inter  alia —    ~\ 

"  The    Life   Insurance    Policies'   Act,    1884",    by  > 

M.  Chapman.  ) 

Ontario  Medical  Association. 

Symposium  on  Life  Assurance :  Being  original  Papers  } 
contributed  at  the  Annual  Convention,  June,  1904.  > 
Toronto,  1904.  ) 

Parliamentary  Papers. 
Acts  of  Parliament. 

Finance  Act,  ch.  7.     1904. 
Friendly  Societies.     1896. 
Public  Works  Loans.     1904. 
Aged  Pensioners'  Bill. 

Report  and  Special  Report  from  the  Select  Com-  \ 
mittee,  Proceedings,    Minutes    of    Evidence, 
&c.     1903. 
Census,  1901,  England  and  Wales. 

General  Report,  with  Appendices. 
Colonies. 

Australia  and  New  Zealand. 

Statistical  Account,  1903-4.  ") 

Statistics,  1861-1903.  j 

Canada. 

Census,  1901.     Vol.  I.     Population. 

Report   of   the  Superintendent  of   Insurance  \ 
for  the  year  1903.  i 

Statistical  Year  Book,  1902  and  19J3. 
New  South  Wales. 

Annual  Report  of  the  Government  Statistician  "\ 

on  Births,  Deaths,  and  Marriages  in  1904. 
Annual  Report  of  the  Government  Statistician 

on  the  Vital  Statistics  of  the  Metropolis, 

1904. 
Results   of   Census,   taken    31    March    1901. 

Life   Assurance,    1904. 

Eight   parts   in  one  volume. 
Statistical  Register,  1903,  1904. 
Vital  Statistics.    Report  for  1903  and  previous 

years. 
New  Zealand. 

Official  Year  Book,  1904. 
Statistics  of  the  Colony  for  the  year  1903. 
Victoria. 

Friendly    Societies.       Twenty  -  sixth   Annual 

Report  of  the  Actuary,  1903. 
Fourteenth  Report  of  the  Registrar,  1903. 
Statistical  Register,  1904. 
Western  Australia. 

Statistical   Register    for   1903   and   previous 

years. 
Year  Book  for  1900-3.     Vol.  II. 


By  whom  presented 
{when  not  purchased). 


The  Author. 


The  Author. 


The  Institute. 


The  Northern 
Assurance  Co. 

of  Canada. 


Purchased 


The  Government 
ofN.S.W. 

M.  D.  Grant. 

The  Government 

Insurance 

Department. 

M.  D.  Grant. 


The  Government 
ofN.S.W. 


The  Government 
o/N.Z. 

The  Government 
of  Victoria. 


The  Government 
of  W.  Australia. 
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Parliamentary  Fa.$ers—CcoufinuedJ. 
Friendly  Societies. 

Building  Societies. 

Ninth  Annual  Report,  Parts  I  and  II. 
Chief   Registrar's   Report  for   1903.       Parts    A, 

B  and  C. 
Guide  Book  of  the  Registry  Office,  1903. 
Government  Insurance  and  Annuities. 

Account,  1903. 
Life  Assurance  Companies. 

Returns,  1904. 
National  Debt. 

Annuities.     Account  to  5  January  1904. 

Return  showing  Liabilities  and  Assets  at  the  close 

of  each  financial  year,  from  1835-6  to  1903-4, 

both  inclusive. 
Savings  Banks  and  Friendly  Societies.      Account 

to  20  November  1904. 
Sinking  Funds.    Account  showing  amount  received 

from  the   Exchequer  during  the  year  ended 

31  March  1904. 
Registrar-General.     England.  \ 

Sixty-fifth   and    Sixty-sixth   Annual    Reports    on' 

Births,  Deaths  and  Marriages.     1902,  1903. 
Registrar-General.     Ireland. 

Fortieth     detailed    Annual     Report    on     Births, 

Deaths  and  Marriages.     1903. 
Supplement  to  the  Thirty-seventh  detailed  Annual 

Report    for    1900.       Decennial    Summaries, 

1891-1900. 
Registrar-General.     Scotland. 

Forty-eighth   detailed   Annual   Report   on   Births, 

Deaths  and  Marriages.      (Abstracts  of  1902.) 
Forty-ninth   Annual    Report,  1902 ;    and  Thirty-  \ 

ninth  Annual  Report  on  Vaccination.     1904.  / 
Workmen's  Compensation. 

Memorandum    on    Foreign     and    Colonial    Laws 

relating    to    Compensation    for    Injuries    to 

Workmen.     By  Sir  Kenelm  E.  Digby. 
Report  of  the  Departmental  Committee  appointed 

to   enquire   into  the   Law  relating   to  Com- 
pensation for  Injuries  to  Workmen.    Minutes 

of  Evidence,  &c.     1904. 
Statistics  of  Proceedings  under  the  Acts  of  1897 

and  1900,  and  the  Employers'  Liability  Act, 
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